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SUMMARY• •aÆJû̂Tw.vt rxwsMijsrtvi
S trep tococcus  cannu ls 804 ia  a m ic ro a e ro p h ilic  organism  wtdoh vvas o r ig i  n a l ly  
is o la te d  from  human d e n ta l p laque (CarlssoPg 1965 ]i I t  i s  one o f  the  f i r s t  
organism s to  c o lo n is e  the  to o th  s u rfa c e  d u rin g  d e n ta l p laque fo n n a t io n  and 
i s  the  predom inant a e ro b ic  s tre p to c o c c u s  in  young plaque (C arlsson j, 19ÔSJ,
I t  produces the  c o n s t i t u t iv e ,  e x t r a c e l lu la r  enzyme, f i ' .-( l--T 6 )gK tcan : IT-'frwOtose 
2 -g lu c o s y 1 tra n s fe ra s e  (cC 2 , 4 .1 .5 ) ,  commonly known as d e x tra risu c ra se , which 
po lym e rise s  the  g lucose m ore ty o f  sucrosefclorm  d e x tra n , vd th  the  re le a s e  o f  
f ru c to s e .
The d s x tra n  i t  produces i s  b e lie v e d  to  c o n tr ib u te  to  d e n ta l p laque fo rm a tio n  
and the  i n i t i a t i o n  o f  d e n ta l c a r ie s .
T h is  s tu d y  examined dextransucra.se product].on by Qksangu is  a t  d i f f e r e n t  pH
va lu e s  in  o rd e r  to  e lu c id a te  o p tim a l c o n d it io n s  f o r  i t s  p ro d u c tio n *  The
"I"optimum pH was found to  be in  the  re g io n  o f  ?"1 -  0*1 b u t,  i t  emergedj, th a t  
a t  a l l  pH vail!OS s tu d ie d  the  enzyme was praduced in  th re e , d i s t i n c t ,  rep roduc­
ib le  phases. D extran was prepared  from  enzyme h a rves ted  a t  each o f  the  
th re e  phases a t  pH 7*1 -  0*1 and, a f t e r  c h a ra c te r is a t io n  o f  the  substances 
as d e x tra n  by g a s - l iq u id  chrom atography, a c id ic  h y d ro ly s is  and a s p e c i f ic  
a g g re g a tio n  te ch n iq u e , they  were examined f o r  s t r u c tu r a l  d if fe re n c e s  by 
in f r a - r e d  spec tro sco p y , p e r io d a te  o x id a t io n  and enzym ic d e g ra d a tio n .
The re  su It.s  suggest th a t  the  th re e  p re p a ra tio n s  d i f f e r  in  s tr t jc tu re ..  crude 
enzyme prepared from  c u ltu re  s u p e rn a ta n t a t  the second o r  t h i r d  peak o f  
enzyme e c t iv / i t y  was p a r t i a l l y  p u r i f ie d  by h y d ro x y la p a ti te  chrom atograph y „ 
Enzyme from  the second peak had a pH optimum in  the  re g io n  5*2 — 7*5 ,
I t  i s  suggested th a t  th e re  may bo more than one enzyme in v o lv e d  in  d e x tra n  
produotrion by B .sanau is  804*
Xo INTRODUCTION
e»jws « sv̂ u rtjsa  of* e>*is xs^vù
1 .1  DENTAL CARIES.
In  1890, VVcDo M i l le r  s ta te d  th a t  lie b e lie v e d  d e n ta l c a r ie s  to  be 
in i t i a t e d  by the  a c id s  produced by b a c te r ia l  fe n n e n ta tio n  o f  fo o d s tu f fs ,  
p a r t ic u la r ly  ca rb o h yd ra te s , b u t he was unable  to  e x p la in  why decay was 
lo c a lis e d  !to s p e c i f ic  a reas o f  the  to o th  in s te a d  o f  a mere u n iv e rs a l 
a t ta c k  o r  why the  a c id  was h o t r a p id ly  rendered harm less by d i lu t io n  
w ith  s a l iv a *
I n  1897, GsVo B lack  advanced h is  th e o ry  to  e x p la in  the  lo c a lis e d  
decay p rocess. He b e lie v e d  th a t  a " g e la t in - l i k e  substance o f  a g lu e y  
c o n s is te n c y "  produced by o r a l b a c te r ia  p ro te c te d  them from  remov^al from  
the  smooth to o th  s u rfa ce  and th a t  the  g e l trapped  a c id s  w ith in  i t ,  h o ld ­
in g  them a g a in s t the  to o th  s u rfa c e  and s e p a ra tin g  them from  the  s a l iv a *  
These a c id  accum u la tions  in  c lo s e  p ro x im ity  to  the  to o th  s u rfa c e  cou ld  
then  i n i t i a t e  the  lo c a lis e d  decay p rocess.
B lack  a ls o  b e lie v e d  th a t  sucrose was necessary to  produce such a 
g e l and he f e l t  th a t  the  a b i l i t y  to  form  th is  substance was th e  fa c to r  
c o n t r o l l in g  the  i n i t i a t i o n  o f  c a r ie s .  He termed th e  a ccum u la tion  o f  
b a c te r ia  and g e la t in - l i k e  mateîHLal ^ g e la t in o u s  rn ic ro b ic  plaque®.
H is  th e o ry  was f i n a l l y  accep ted and has remained e s s e n t ia l ly  
unchanged to  t h is  day.
The d e f in i t io n  o f  c a r ie s ,  a c c o rd in g  to  Scopp (1973) i s  th a t  " to o th  
decay i s  a b a c te r ia l  in fe c t io n  th a t  deve lops when the  m in e ra l components 
o f  enamel d is s o lv e  in  a c id s  fm m ed by b a c te r ia l  accum u la tion  on the  
to o th  s u rfa c e . The in te ra c t io n s b e tw e e n  s p e c i f ic  b a c te r ia ,  d ie t  and 
to o th  s u s c e p t ib i l i t y  combine to  produce c a r ie s " .
lo2 THE DENTAL. PLAQUE*
1 ,2 .1  D e f in it io n ^  D e n ta l p lanus i s  e x tre m e ly  d i f f i c u l t  t o  d e f in e  due 
to  i t s  heterogeneous and dynamic n a tu re  ( C r itc h le y  and Saxton, 1970)*
I t  v a r ie s  from  one in d iv id u a l  to  th e  n e x t and even w ith in  t l ie  same 
in d iv id u a l  w ith  d ie t  (Bowen and C r it c h le y ,  1970)% age o f  the  p laque 
(C a rls s o n , 1965, Gibbons and van Houte, 1973}, lo c a t io n  in  the  mouth 
(B ib b y . 1938, and C r it c h le y ,  1969), degrtss o f  o ra l hyg iene ( P ic k a r i l l ,  
193.5) and even w it l i  the  s i t e  on a p a r t ic u la r  to o th  (S tephan, 1948%
W ilcox  and E v e re t t ,  1963).
On exposure o f  a th o ro u g h ly  c leaned to o th  su rfa ce  to  o r a l f l u i d s ,  an 
a c e l lu la r ,  b a c te r ia - f ra e  la y e r  1 -1 5  j.km th ic k  i s  formed w i th in  m inutes 
(Leach, 1967, S chroedsr and De Soever, 1970)* T h is  i s  known as the  
a c q u ire d  p e l l i c le  o r  p e l l i c le *
F u r th e r  exposure o f  th e  to o th  to  m ixed s a l iv a  in  th e  o r a l c a v i ty  r o a u lts  
in  the  in v a s io n  o f  tl'ie p e l l î  c le  by b a c te i’l a  whiich su rround  them selves 
w ith  a m a tr ix  d i s t i n c t l y  d i f f e r e n t  from  the  p e l l i c le  (S ch roedsr and De 
B ocver, 197G). T h is  accumu3.ation o f  b a c te r ia  and m a tr ix  i s  known as 
d e n ta l p laque .
1 o 2o 2  The r o le  o f  a d s o rp tio n  and p r é c ip i t â t ] .on o f  s a l i  v a ry  compon e n ts 
in  the  fo n n a tio n  o f  the  a c q u ire d  p e l l i c le  and d e n te l Diaaue*
( i )  The accruired p e l l i c le *  The co m pos ition  o f  p e l l i c le ,  u n l ik e  p laque , 
appears to  be f a i r l y  c o n s ta n t and does n o t v a ry  accoî*ding to  i t s  s i t e  
o f  o r ig in  (S6 n ju  and R o lla ,  1972, 8 e l c o u r t  1974), I t  i s  b e lie v e d
to  c o n s is t  p i ' im a r i ly  o f  adsorbed s a l iv a r y  p ro te in s  (S e c tio n  l , 2 » 2 , i i )  as 
i t s  amifto a c id  co m pos ition  i s  q u a l i t a t i \ / e ly  v e iy  s im i la r  to  th a t  o f  
S Q livc iry  g ly c o p ro te in s  (Leach, 19G?). However, the  r a t io  o f  amino a c id s  
in  p e l l i c le  i s  n o t the  same as th a t  in  s a l iv a r y  g ly c o p ro te in .  There 
appears to  be a s e le c t iv e  a d s o rp tio n  o f  s a l iv a r y  components (E ricson ,19G 7)
pa rtd -O ü la rly  a c id ic  amino a c id s  -  to  th e  to o th  s u r fa c s  (S e c tio n  1 .2 .2 *1 1 )  
and t h is  process fo llo w e d  by b a c te r ia l  deg ra d a tio n  o f  the  p e l l i c le  
(E r ic s o n , 196?) may a l t e r  th e  r a t i o  o f  c o n s t itu e n ts  from  th a t  found in  
s a liv /a . F u r th e r  chem ica l changes may occu r as the  p e l l i c le  r a p id ly  
tra n s fo rtn s  to  a tough , p r o te c t iv e  la y e r  which i s  h ig h ly  r e s is ta n t  to  
a c id  a tts -ck  (M ecke l, 1968)* Some b lood  group substance a c t i v i t y  has 
been d e te c te d  in  p e l l i c le  (Sonju and R o lla ,  1972) as have b a c te r ia l  c e l l  
w a ll c o n s t itu e n ts  (M ecke l, 19GB), su g g e s tin g  th a t  g in g iv a l f l u i d  and 
b a o te ï la l  c e l l  v a i ls  m ig h t a ls o  c o n t r ib u te  to  i t s  fo rm a tio n .
( i i )  A d s o rp tio n  o f  s a l iv a r y  p ro te in s .  The in o rg a n ic  c o n s t itu e n t  o f  
d e n ta l enamel which fm m s by w e ig h t i s  p redo m inan tly  h yd ro xy la p a -b ite , 
(Napper and Smythaj, 1966) a substance which s e le c t iv e ly  adsorbs c e r ta in  
p ro te in s  (B ernar'd i et^ a l   ̂1972) = S a liv a ry  g ly c o p ro te in s ,  e s p e c ia l ly  those 
c o n ta in in g  s i a l i c  a c id  re s id u e s  b in d  s t ro n g ly  to  h y d ro x y la p a t ite  (Sonju 
and R o lla ,  1972, E r ic s o n , 1967). O the r p ro te in s  o f  o r a l f l u id s  have 
a ls o  been shown to  be adsorbed (O rs ta v ik  and Kraus, 1974, R o lla  and 
M ath ieson, 1970, Schroeder and De Soever, 1970). As e x p la in e d  in  
S e c tio n  l . E . S * ! ,  t h is  a d s o rp tio n  occu rs  in  p e l l i c le  fo rm a tio n , b u t i t  
co n tin u e s  th ro u g h o u t the  b u ild -u p  o f  d e n ta l p laque* In  f a c t ,  evi.rience 
suggests th a t  a d s o rp tio n  o f  p ro te in s  by h y d ro x y la p a t ite  i s  enhanced by 
the  presence o f  p e l l i c le  (M ecke l, 1968, R o lla  and M ath ieson , 1970), 
C e rta in  n a t iv e  p ro te in s ,  in c lu d in g  enzymes, may be r e v e r s ib ly  bound to  
denatu red p ro te in s  o f  p e l l i c le  and p laque , a llo w in g  t h e i r  d e s o rp tio n  and 
d i f f u s io n  in to  plaque (O rs ta v ik  and K raus, 1974) S e c tio n  1 ,2 ,3 ,
( i i i )  P r e c ip i ta t io n  o f  s a l iv a r y  p ro te in s .  S a liv a ry  p ro te in s  may be 
p r e c ip ita te d  d i r e c t ly  on to  th e  enamel s u rfa c e  o r  adsorbed a f t e r  precip i«>  
t a t ld n  has o ccu rre d . There a re  s e v e ra l th e o r ie s  conce rn ing  th e  mode o f  
p r e c ip i ta t io n *  These in c lu d e  th e  enzymic breakdown o f  g ly c o p ro te in s  by
b a c te r ia l  enzymes such as neuram in idase (Fuku i e t  a l .  19911 * which 
m is e s  the  is o e le c t r ic  p o in t  of* th e  p ro  bain j, caus ing  i t s  p re c iip its . t io f  1% 
the  spontaneous p r e c ip i t a t io n  o f  s a l iv a  fm q u e rrh ly  obseYved whÊ n i t  i s  
c o l le c te d  g a c id i f ic a t io n  o f  the  s a l iv a  by b a c te r ia l  a c t io n  % thfD presence 
o f  ca lc ium  io n s  wbiich can enhance p r o te in  p r e c ip i t a t io n  end the  e f f e c t  
o f  th e  io n ic  str:-?ngth o f  s a l iv a  = ThesE3 th e o rlt^ s  have been d iscussed  
i n  s e v o ra l r'oviews { Jenk ins  1983% Je n k in s  1972g Gibbons and Van Houte,
1973% K lfs inba rg  1973, Leach 1970]*
Much o f  the  resea rch  conductt^d in t o  p e l l i c le  and p laque fo rm a tio n  has 
been c a r r ie d  o u t on samples c o l le c te d  on p ro s th e t ic  d o v ice s  em ploying  
s t r ip s  o f  f tV ls r , c e l l o i  d in ,  g la s s  and o th e r  s y n th e t ic  m a te r ia ls  in  the  
p la ce  o f  enamel (E ge lbe rg  1970® B ruckne r 1948» N a y lo r  e t  a l ,1970,» J ■' MS&IWTWW.®,™ • *
Ennever a t  a l  1948, Schroeder and De Boever 1970 ]. The v a l i d i t y  a f  
these  axparj.n'.enta i s ,  th e re fo re ,  q u e s tio n a b le  as o n ly  p a ss ive  d e p o s it io n  
of m a te r ia ls  i s  p o s s ib le .  A d s o rp tio n  o f  p ro te in  a t  th e  charged enamel 
s u r fa c e  cannot bo obi-îerved in  these  expe rim ents  and such d if fe re n c e s  a t  
t h is  e a r ly  s tage  o f  p laque fo n n a t io n  co u ld  have fa i ”̂ rs a c h in g  e f fe c ts  
upon subsequent s tages o f  p laque  developm ent, A g re a t  d ea l o f  the  
work on s a l iv a r y  g ly c o p ro te in s  has been conducted on a n im a l s a l iv a  as 
t h is  i s  r o a d i ly  o b ta in a b le  from  a b a t to ir s ,  b u t i t s  re le va n ce  to  human 
s a l iv a  is  n o t knov/n (Leach, 1967).
1=2.3 The r o le  o f  b a c te r ia  in  p e l l i c le  and plaque fo ro a t lo n .
( î )  The in c u rp o ra t io n  o f  b a c te r ia ,  Clumos o f  a p p ro x im a te ly  5 0 -2 0 0 .b a c te r ia -
'rathe^r than  in d iv id u E il c e l l s ,  appear to  a tta .ch to  th e  enamel s u rfa c e
i n i t i a l l y .  T h is  would be expected to  le a d  to  a more ra p id  c o lo n is a t io n  
o f  th e  to o th  than  would th e  a tta ch m e n t o f  s in g le  csI I es ( C r it c h le y  and 
Sa-xtan, 1970). The c e l ls  may be aggregated by fa c to r s  p re s e n t in  the  
o r a l f l u i d  p r io r  to  th c d r  adso rp ti.on  to  the  to o th  s u r fa c e  •» S e c tio n  1 ,2 .4  
(G ibbons and Van H aute , 1973)«
The b a c te r ia l  f lo r a  o f  young p laque i s  r o t  th e  same as th a t  o f  s a l iv a  
and i t  appears th a t  in c o rp o ra t io n  o f  b a c te r ia  i s  n o t random b u t a 
s e le c t iv e  a d s o rb tio n  (G ibbons and Vain HoutOg 1973) o f  c e l l  w a ll com­
ponents o r  p o ly s a c c h a rid e  capsu les  to  h y d ro x y le p a t ite  [C la rk  e t  a l  »
1974, M eckel; 1968).
( i i )  E x t r a c e l lu la r  p o ly s a c c h a rid e  p ro d u c tio n *  A ttem p ts  to  id e n t i f y  
the  m a tr ix  m a te r ia l o f  d e n ta l p laque met w ith  l i t t l e  success i n i t i a l l y .  
C onfus ion  arose when a tte m p ts  were made to  shov/ th a t  the  m a tr ix  matvSiùal 
was o f  sa liv /'a ry  o r ig in  by u s in g  a te chn ique  which s ta in e d  g ly c o p ro te in .
The m a te r ia l took  up the  s ta in  b u t i t  was n o t r e a lis e d  th a t  the  techn ique  
was n o t s p e c if ic ,  f o r  g ly c o p ro te in s  •» i t  m ere ly  s ta in e d  th e  sugars in  the  
g ly c o p ro te in  m olecu le  and w ould , th e re fo re ,  grive a p o s i t iv e  re a c t io n  m .th  
any m a te r ia l c o n ta in in g  sugars (Leach, 1937). The m a tr ix  takes  up 
c a rb o liyd ra te  s ta in s  w e ll (B a rk ir t;  1970% C r itc h le y  and Saxton, 1970), and 
i s  now known to  be p r im a r i ly  ca rboh yd ra te  in  n a tu re , C h a ra c te r is a t io n  
o f  t h is  ca rboh yd ra te  m a te rà a l has proved to  b e -ex tre m e ly  d i f f i c u l t  due 
to  problem s o f  e x t ra c t io n  o f  the  m a te r ia l in  s u f f i c ie n t  q u a n t i t ie s  f o r  
chem ica l a n a ly s is ^  These d i f f i c u l t i e s  v / i l l  be d iscussed  in  Ssct3,on 1 .3 * 
3 . Ü .
The ca rboh yd ra te  i s  now b e lie v e d  to  be e m ix tu re  o f  d e x tra n s , le va n s  
and h e te ro p ü ly s a c c h a rid e s  (Guggenheim^ 1970)*
The d e x tra n  was assumed to  have th e  same s t ru c tu re  as th a t  produced by 
]j;3Uconostoc m esentero ides (Pig« Id ®  ) ,  T h is  i s  a branched po lym er o f  
g lucose  u n i ts  w ith  d -  (IF ) 6 ) -  l in k a g e s  in  th e  main c h a in  and c£ -  (1 -4^4)-, 
d ( i d s )  -  o r  d l'““ ( l- '^ 3 ) - -  l in k e d  s id e  branches ( jean es  e t  a l .  1954). ̂ * V fceSrrflKi.bcxa'iB* ^
I t  i s  produced by an e x t r a c e l lu la r  enzyme « d  (l-à 'G ) -  g lu  can ;
D -  f ra c to s e  2 -  g lu c o s y ltra n s fe ra s e  (EC 2 « 4 „ l , s ) ,  commonly known as













F IG .t l , R E { ^ S ^ ^  OF THE STRUCTURE TF CCXTAAN,
doxtrcAHBUcrasDg a c c o rd in g  to  the  fo l lo w in g  equationF»-
(G lucose) qSucrose (G lucose )^  4 u F ru c to seA O
D extran  D extran
(See S e c tio n  1 .4 ) .
Levan i s  a polym er o f  f ru c to s e  u n i ts  l in k e d  by (2 -" i6 ) -  l in k a g e s
wdth p -  ( 2 - i l )  -  l in k e d  s id e  branches ( F ig ,1*2 )* I t  i s  form ed
a c c o rd in g  to  th e  fo l lo w in g  e q u a tio n  by the  enzyme p -(2 -4 G ) -  f ro e ta n  î 
D -  g lucose  -  6  -  f r o c to s y lt r a n s fe ra s e  (EC 2 .4 .1 * 1 0 ) ,  commonly known 
as le vansueraseo
(F ru c to s e ) i  qS ucrose —) (F ru c to s e ) i  uG lucose
4 VÎ
Levan Levan
U n lik e  d e x tra n , le va n  i s  r e a d i ly  s o lu b le  in  w a te r and, as i t  o n ly  makes 
up 1 2/0 o f  the  t o ta l  d ry  w e ig h t o f  p laque (M cD ouga ll, 1964) due to  i t s
v e ry  ra p id  tu rn o v e r  ra te  (G ibbons and B angha rt, 1967, H ig u c h i e t  a l , 1970) 
i t  i s  n o t th ough t to  be an im p o r ta n t s t r o c tu r a l  component o f  p laque , 
D extran  and le van  a re  formed s p e c i f ! c a . l ly  from  sucrose , a p p ro x im a te ly  
of the  sucrose be ing  conve rted  to  p o ly s a c c h a rid e  by p laque b a c te r ia ,  the  
r e s t  be ing  m e ta bo lised  w ith  re le a s e  o f  a c id  (Tanzer e t  a l ,  1972. B a ird  
e t  a l 9 1973)04,ysÿHSrt«r».wa’i* •
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Op“C2 ^ l )
\ |  9 ‘/ c h , o h
OH
o th e r  p o ly s a c c h a rid e s  have a ls o  been found in  p laqua , p a r t ic u la r ly  
when sucrose i s  m is s in g  from  the  d ie t  (Guggenheim, 1970, Bowen 
and C o rn ic k j 1970}e They have been id e n t i f ie d  as h e te ro g ly c a n s , 
s im i la r  to  those  found in  b a c te r ia l  c e l l  w a lls  (H otz e t  a l  7.972^
Guggenheim 1970; Dunnican and S ee ley , 1965)»
Dexir'ctn and le van  a re  produced s p e c i f i c a l ly  from  sucrose (S e c tio n  1 * 4 , )  
b u t th e  h e te ro g ly c a n s  may be produced from  o th e r  sugars  in  a d d it io n  to  
sucrose (Newbrun 1969, Guggenheim 1970}* S tu d io s  on the  e f f e c t  o f  
suga r m ou th rinsos  on p laque have shown th a t  in  i i ie  presence o f  sucrose -  
ti'te s u b s tra te  necessary f o r  d e x tra n  and le va n  p ro d u c tio n  «  a more 
vo lum inous p laque i s  fonrsed than  w ith  o th e r  sugars (C a rlsso n  and E g e lb e rg , 
1965) and th a t  the  p o ly s a c c h a rid e  m a tr ix  seen under the  e le c tro n  m ic ro ­
scope in c re a s e s  a f t e r  sucï'ose r in s e s  (Saxton 1969} * Many o f  th e  b a c te r ia  
is o la te d  from  the  mouth and th r o a t  w i l l ,  in  the  presence o f  sucrose , 
produce mucoid c o lo n ie s  on s o l id  medium and th ic k  g e ls  i n  l i q u id  medium* 
These g e ls  c o n s is t  o f  e x t r a c e l lu la r  p o ly s a c c h a rid e s , p a r t ic u la r ly  d e x tra n  
and le v a n g which a re  produced in  cop ious amounts* The b a c te r ia  which 
produce them a re  commonly found in  d e n ta l p laque b u t much le s s  f re q u e n t ly  
i n  th e  o r a l f l u id s  and in  o th e r  areas, o f  the  mouth fS nyder e t  a l.lG S S J*
The im p la n ta t io n  o f  these  b a c te r ia  in  the  mouth i s  g r e a t ly  f a c i l i t a t e d  by 
th£î presence o f  sucrose  i n  th e  d ie t  (K rasse , 1965) and th e  p o s s ib i l i t y  
th a t  the  a b i l i t y  to  produce e x t r a c e l lu la r  p o ly s a c c h a rid e , p a r t ic u la r ly  
d e x tra n  and la v a n , may be a key fa c to r  i n  the  s e le c t io n  o f  b a c te r ia  f o r  
p laque fo rm a tio n  th e re fo re  m e rite d  f u r t h e r  in v e s t ig a t io n  (S e c tio n  1 ,2 * 4 ) ,
I s 2®4 The r o le  o f  dex transucrase^ levansucrase  and t h e i r  p ro d u c ts  in  
p la m e  fo rm a tio n  and developments
( l )  The r o le  o f  a d s o rp tio n  o f  p ro te in s  to  h y d ro x y la p a t ite
has a lre a d y  been d iscussed  (S e c tio n  1 *2 ,2 *1 1 ) b u t d e x tra n s , d e x tra n s ic r  asq
levanSiwsmnd d e x tra n -c o a te d  c e l ls  have a ls o  been shown to  b ind  s t ro n g ly  to
h y d ro x y la p a t itü  (E rixsn rtj, 1967, C la rk  1974, C a rlsson , 1970,
C h lu d z in s k i e t  a l  1974) p e ir t ic u la r ly  i f  i t  if? p ro te in  coated 
(R o lla  and Math is s o n , 1970)*
Most p ro te in s  bound to  the  enamel suifa c e  a re  b e lie v e d  to  be in  a 
denatu red form  ( J e n k in s , 1968) b u t wori< by O rs ta v ik  and Kraus (1974) 
on p e l l i c le  has shown th a t  soms p ro te in s  may be re v e r s ib ly  bound to  
p e l l i c le  in  the  n a t iv e  fa rm , r e ta in in g  t h e i r  b io lo g ic a l a c t iv i t y *
T h is  b in d in g  o f jj for example, an enzyme, to  an in s o lu b le  m a tr ix  b r in g s  
s u b s tra te  and enzyme in to  c lo se  c o n ta c t,  a llo w in g  the  p ro d u c ts  to  
d i f fu s e  away b u t n o t the  enzyme* T h is  i s  a ve ry  e f f i c ie n t  system 
(Mosbach, 1972)* I f  t h is  i s  the  case f o r  d ex transucrase , i t s  
a d s o rp tio n  to  th e  enamel s u rfa c e  a t  an e a r ly  s tags  o f  p laque fo rm a tio n  
cou ld  have a d d it io n a l s ig n if ic a n c e ,  as e xp la ined  below*
D sxtransuc ï’ase has a veiy h ig h  a f f i n i t y  f o r  dextran* The enzyme 
occurs e x t r a c e l lu la r ly  and can th e re fo re  be c a r r ie d  in  the  o r a l f lu id s  
to  a reas d is ta n t  from  th e  c e l l  which produced i t  and v^here b a c te r ia l  
c o lo n is a t io n  may n o t y e t  have occu i'red* I t  may then be adsorbed to  
p e l l i c le  in  an a c t iv e  fonn  and, in  the  presence o f  su c ro se j produce 
d e x tra n , d is ta n t  from  i t s  s i t e  o f  o r ig i.n .  A l te r n a t iv e ly , in  the  
absence o f  sucrose , the  enzyme®s h ig h  a f f i n i t y  f o r  d e x tra n  may lead  
to  the  in c o rp o ra t io n  o f  d e x tra n  m olecu les o r  dex tran  coated b a c te r ia  
from the  o r a l f l u id s ,  in t o  th e  dextransue rase  c o n ta in in g  p laque , thus  
c o n t r ib u t in g  to  i t s  accum u la tion * I t  i s  in te r e s t in g  to  no te  in  t h is  
c o n n e c tio n  th a t  o n ly  a s m a ll p ro p o r t io n  o f  the  dex transucrase  (approx® 
IQ/o) produced by o r a l b a c te r ia  i s  p re se n t w i.th in  the  c e l l ,  (Sfiarma
1973) o r  upon i t s  s u rfa c e  (Mc(]abe end Sm ith, 1973, Gibbons and 
S p in e l l ,  1974)o I n t r a c e l lu la r  enzyme can be re lea sed  upon ru p tu ra  o f  
the  c e l l  bu t the  e xa c t lo c a t io n  o f  the enzyme w ith in  the  c e l l  has na t^ -u t 
been in v e s tig a te d *
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C o ll-b o u n d  dex transucrase  may, in  the  absence o f  sucrose to  form  i t s  
own d e x tra n , become bound to  d e x tra n  a lre a d y  e la b o ra te d  and p re s e n t 
upon o th e r  c e l ls  o r  the  p e l l i c le *  T h is  a d s o rp tio n  o f  dex tronsucrase  
by d e x tra n  i s  much mere s p e c i f ic  than  t l ie  a d s o rp tio n  o f  d a x tra n  o r  
d e x tra n suerase to  liyd ro xy la p a t i t s  which competes w ith  o th e r  p r o te in s , 
ca rboh yd ra tes  and b a c te r ia l  c e l l  w a ll components*
The in te r a c t io n  between d e x tra n  and dex transucrase  may le a d  to  the  
c lum ping to g e th e r  o f  c e l ls  and may be th e  b a s is  o f  c e r ta in  types  o f  
a g g re g a tio n  observed in  o r a l b a c te r ia  [S e c tio n  1*2®5)* F o r t h is  
phenomenon to  occu r some c e l ls  must produce dex transucrase  a t  the  
c e l l  s u rfa c e  where i t  i s  r e a d i ly  a v a i la b le  (Gibbons and S p in c l l  1974)„ 
T h is  has been sliov/n to  be the  case f o r  Somutans* one o f  th e  spec ies  
which dom inates e a r ly  p laque form ation®  Thera i s  a ls o  evidence to  
suggest th a t  d e x tra n  may b ind  to  s p e c i f ic  s i te s  upon b a c te r ia l  c e l l  
w a lls  which a re  d i s t i n c t  from  th e  s i t e s  o f  dex transucrase  a c t i v i t y  
(G ibbons and S p ln e ll?  1974)® These d e x tra n -b in d in g  s i t e s  may bs 
lo c a te d  on the  dex transucrase  m o lecu le  b u t d is t i n c t  from  the  s i t e  o f  
enzym ic a c t i v i t y ,  Callaham and H e itz  (1973) have dem onstra ted th a t  
such s i te s  do occjur, in  c lo se  p ro x im ity  to  each o th e r  on the  d e x tra n ­
sucrase frxjni Sçsanauis 804,
( i i )  S t ic k in e s s  o f  i ie x t ra n .  One o f  the  fa c to rs  b e lie v e d  to  be o f  
im portance  in  p laque fo rm a tio n  i s  ti*is ® s tic k in e ss®  c o n fe rre d  upon 
tine c e l ls  by the  d e x tra n  c o a tin g  produced in  the  presence o f  sucrose . 
D ex tran  cha ins  produced by le u co n o s to c  m esentgro ides a re  b e lie v e d  to  
adopt a h e l ic a l  arrangem ent, (E b e rt and Schenk, I9 6 0 ) s ta b i l is e d  by 
hydrogen bonds (S e c tio n  1.3f>) and t h is  ^ s p r in g - l ik o ^  s t ru c tu re  conveys 
th e  p ro p e rty  o f  ® stick iness®  to  d e x tra n * These m o le cu le s , however, 
a re  o n ly  abou t 8^  branched and the  branches tend to  be s h o r t  [E b e r t  end 
Schenk, 1968)„ N a tive  s tre p to c o c c a l d e x tra n  i s  a t h ic l ' ,  g e la t in o u s  and
n
h ig h ly  te n a c io u s  substance v<dth a complex g branched s t ru c tu re *  Pre»- 
sumably a h e l ic a l  arrangem ent would n o t be p o s s ib le  due to  th e  h ig h ly  
branched n a tu re  o f  the  m o lecu le  b u t b a c te r ia l  c e l ls ,  e p i t h e l i a l  c e l ls ,  
food  p a r t ic le s ,  e t c * , may become en trapped  w ith in  the  branches* I t  i s  
s tre p to c o c c a l d e x tra n  w hich occu rs  in  p laque and n o t the  d e x tra n  produced 
by leuc*m e sen te ro ide s* F re e z e -e tc h in g  and e le c tra n  m icroscopy s tu d ie s  
on p laque have re v e a le d  th e  p ro d u c tio n  o f  th re e  d i f f e r e n t  form s o f  d e x tra n  
in  progression®  I n i t i a l l y  g lo b u le s  o f  d e x tra n  appear a t  s p e c i f ic  s i t e s  
on the  c e l l  w a l l ,  p o s s ib ly  th e  s i t e s  o f  dex transucrase  produotd.onp v/hich 
r a p id ly  e n la rg e  and coa lesce  fo rm in g  an amorphous mass around the  c e l l *
Spaces deve lop  between th e  c e l l  w a ll  and the  d e x tra n  which may then 
coa lesce w ith  the  d e x tra n  o f  n e ig h b o u rin g  ce lls®  S trands  o f  d e x tï ’an 
then appear, l in k in g  n e ig h b o u rin g  c e l ls  to g e th e r  and f i n a l l y  a f i n e , 
f i b r i l l a r  ne tw ork covers  a l l  th e  c e l ls .  Thus the  p laque  c e l ls  a re  h e ld  
to g e th e r  by an in t r i c a t e  ne tw ork o f  d e x tra n s  which i s  produced v d th in  
m inu tes o f  exposure to  sucrose (Saxton and F in d la y ,  1971)* T h is  e la b o ra ­
t io n  o f  s e v e ra l s t r u c t u r a l l y  d i s t i n c t  d e x tra n s  has le d  w o rke rs  to  b e lie v e  
th a t  th e re  may be more than one d e x tra n sue rase , each one p ro d u c in g  a 
d e x tra n  o f  a s l i g h t l y  d i f f e r e n t  s t r u c tu r e .  I t  a ls o  seems l i k e l y  th a t  
such a com plex, h ig h ly  branched m o lecu le  m ig h t be form ed by more than 
one enzymej th e re  m ig h t be d i f f e r e n t  enzymes f o r  each lin k a g e  type  o r  
b ranch ing  enzymes.
( i l l )  The measurement o f  o la q u e -fo rm in g  a b i l i t y  o f  d e x tra n -o ro d u c in a  b a c te r ia ^  
The a b i l i t y  o f  o ra l b a c te r ia  to  form  p laque .has been measured by suspending 
s te izL le  w ire s  in  suerase supplem ented b ro th s  o f  the  t e s t  organism  (F itz g e ra ld  
B t a l f  1960, McCabe e t  e l , 1967). The use o f  w ire s  p re c lu d e s  th e  p o s s ib i l i t y  
o f  a d s o rp tio n  o f  the  c e l ls  o r  d e x tra n  to  h y d ra x y la p a t ite .  However, o n ly  
d e x transucrase  p rodu c ing  ora^anisms formed d e p o s its  on th e  w ire s  and no 
d e p o s it  formed when dex tranase  was in c lu d e d  in  the  in c u b a t io n  m ix tu re  
(F itz g e ra ld  W.L.02li 1963)* A d i r e c t  r e la t io n s h ip  was shown between the
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a b i l i t y  to  foïTn a p laque-5  ik e  d e p o s it  and c a r io g e n ic  p o te n tia l®  The 
l a t t o r  i s  measLtred as the  a b i l i t y  o f  th s  organism  to  become] e s ta b lis h e d  
in  t l ie  mouths o f  g n o to b io t ic  a n im a ls  and to  in i t j . a t o  c a r le s  (Guggenheim, 
19ŒiX Organisms which produce bo th  d e x tra n  and le va n  do n o t fo ra  p laque­
l i k e  d e p o s its  in  th e  prosonce o f  d e x tra n a se , su g g es ting  th a t  le va n  does 
n o t p la y  a s ig n i f ic a n t  r a le  in  p laque fo rm a tio n  (G ibbons and Nygaard, 
5„9£6}but Parsons e t  a l  1973 have im p lic a te d  levan  in  p laque fo rm a tio n  
in  m ixed c u ltu re s *  However, non -p laque  p roduc ing  b ac te râa  were o f te n  
capable  o f  p rodu c ing  p laques contaiin inc^ both  b a c te r ia l  sp ec ies  when grown 
in  m ixed c u ltu re  w ith  a n o th e r organism  ( M i l le r  and K le inm ann, 1974, 
Parsons 1973, Grlbbons and Kayes, 1969) *
1=2*5 The r o le  o f  a g g re g a tio n  in  p laque fo rm a tio n  and develoomente
( i )  Aggrecra tion by d e x tra n® The a b i l i t y  o f  d e x tra n  to  ® agg lu tina te®  
c e l ls  o f  8 ,; mu ta n s  has a lre a d y  been m entioned (S e c tio n  l * 2 „ 4 l *  Gibbons 
and F itz g e ra ld  (1969) used th e  tervn ® a gg lu tina tion ®  to  d e s c r ib e  t h is  
phenomenon b u t as t h is  im p l ie s  th e  in vo lve m e n t .o f  a g g lu t in in s 5 th e  term  
a g g re g a tio n  i s  p re fe ra b le *
Gt mu tans  0 reduces d e x tra n su c ra se  a t  th e  c e l l  s u rfa c e  and. upon add itiLon 
o f  sucrose ; t!'te c e l ls  r a p id ly  become coa ted  v /ith  d e x tra n , cohere and 
^ggï'G gation occurs* A d d it io n  o f  dextranase  [c( -  ( l ' ^ 6 ) g lucan  
h y d ro la s e ] to  idio c e l ls  m .th  th e  sucrose p re ve n ts  d e x tra n  fo rm a ti.on  and 
the  c e l ls  do n o t aggregate® A d d it io n  o f  any h igh  m o le m la r  w e ig h t 
d e x tra n  (McCabe 1974} in c lu d in g  those produced by o th e r  b a c te r ia ,
to  (̂-(3I l s  b r in g s  ab o u t ra p id  a g g re g a tio n  b u t o th e r  p o ly s a c c h a rid e ;
such as s ta rc h j in u l i n ,  le v a n , d e x tr in ?  a g a r, agarose o r  lo w  m o le c u la r 
w e ig h t d e x tra n  have no e f f e c t  (G ibbons and F i tz g e ra ld ,  1969), I t  i s  a 
v e ry  s e n s i t iv e ,  h ig h ly  s p e c i f ic  phenomenon which can be used to  d e te c t 
th e  presence o f  d e x tra n  (S e c tio n  2 ) and as l i t t l e  as 3 o r  4 m o lecu les  
o f  h ig li m o le c u la r w e ig h t d e x tra n  p e r c e l l  wi5.1 cause a g g re g a tio n *  The 
aggregated c e l ls  ar-e n o t e a s i ly  d ispe i'sed  and rem ain s ta b le  o ve r th e  pH
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rangs 5 «"• 10 which covers  most o f  th e  pH va lu e s  reco rded  i n  th e  o r a l  
env ironm ent 1 * 0 . ,  A«G «•’ B (S tephan, 1943, De Boever and Huhlemann, 1969), 
They a re  d is p e rs e d , however, by c y c lo h e x y l Is o c y a n id e  and byu rca , suggest­
in g  th e  invo].vem ent o f  hydrogen bonds* EDTA a ls o  reuses p a r t ia l  d is p e r ­
s io n *  The c e l ls  can be re -a g g re g a te d  by th e  a d d it io n  o f  c e r ta in  d iv a le n t  
c a t io n s  b u t a ro  d isp e rse d  a g a in , i n  some cases by h e a tin g . Tim d is p e rs io n  
i s  r e v e r s ib le ,  the  c e l ls  re -a g g )re g a tin g  on c o o lin g . I t  i s  th o u g h t th a t  
d iv a le n t  c a t io n s  fo i'w  ^b ridg es^  between n e g a tiv e ly  charged groups and th a t  
when th e  hydrogen bonds a re  b roken , the  c a t io n s  a re  c h e la te d  by EDTA* 
D extran  i s  produced by many p laque b a c te r ia  and S,mutans i s  one o f  the  
most common b a c te r ia  in  young plaque® The above mechanism i s  p ro b a b ly  
o f  g re a t im po rtance , th e re fo re ?  in  e a r ly  p laque fo rm a tio n *
( i i )  O the r a g g re g a tin g  fa c to rs *  O the r fa c to rs  capable o f  a g g re g a tin g  
b a c te r ia  have been found b u t few have been id e n t i f ie d .  They in c lu d e  
s a l iv a r y  components and b a c te r ia l  p ro d u c ts  (G ibbons and S p in e l l ,  1970, 
W illia m s  and G ibbons, 1974, C h a tte r je e  and K le in b e rg , 1974, G ibbons and 
Van Houto, 1973)* T h is  cou ld  e x p la in  why mixed c u ltu re s  o f  non-p laque 
p ro d u c in g  b a c te r ia  a c q u ire  the  a b i l i t y  to  form  p la q u e - l ik e  d e p o s its  
(S e c tio n  lo 2 . 4 i i i ) «
( i l l )  A g g re g a tio n  in  p laque fo rm a tio n . The f u l l  e x te n t o f  the  r o le  o f
^  *  c.TiLl’ve5V5tmui4u-V6$TrU?.tiTM5 îtoJ&tti?^'7iix.dæ2<^6£iUîMïB^c»«A4irf>iv>ie)yv2A»ifji5TOiiisoraTBrj3îisn3ri»
a g g re g a tio n  in  p laque fo rm a tio n  is .  n o t y e t  known b u t one group o f  v^crkers 
a lone  found th a t  o f  G2  p laque is o la te s ,  28 were aggregated by s a l iv a  
(G ibbons end S p in e l l ,  1970),
E lectzTin m icroscopy s tu d ie s  on p laque development have re v e a le d  th a t  
the  i n i t i a l  c o lo n is a t io n  o f  the  to o th  s u rfa c e  may be eggrcîgatsd c e l ls  
( S e c ti on 1 *2 *31 )*
Groups o f  CDCCoidal organisms have been seen c lu s te re d  around a c e n t ra l 
filamentous b a c te r ia  to  g iv e  a ®corn on the  cob® arrangem ent (G ibbons and 
Van H oute , 1973)® The c e l ls  a re  embedded in  e x t r a c e l lu la r  p o ly s a c c h a rid e
n
and i t  i s  th o u g h t th a t  a g g re g a tio n  may have occu rred  o r  the  c o c c o id a i 
organism s may be m e ta b o lis in g  the  p o ly s a c c h a rid e  e la b o ra te d  by a 
fila m e n to u s  organism  (G ibbons and Van Houto, 1973j, C r lt c h le y  and Saxton- 
1970)*
PlaquBg then g i s  a c o n s ta n t ly  changri.ng m a te r ia l w ith  m e ta b o lic  p ro d u c ts  
d i f f u s in g  o u t o f  i t  and substances from  fo o d , s a l iv a  and b a c te r ia l  
m etabolism  a ccu m u la tin g  upon i t s  s u r fa c e ^ . The bacteirLa su rround  them­
se lv e s  in  a p o ly s a c c h a rid e  m a tr ix  fo rm in g  t h e i r  awn m ic ro -e n v iro n m e n t 
in  which to  l iv e *  The fo rm a tio n  o f  d e n ta l p laque i s  a p re r e q u is ite  to  
the  i n i t i a t i o n  o f  c a r ie s  and i t  has lo n g  been th o u g h t th a t  p laque may 
tra p  m e ta b o lic  a c id s  produced by th s  b a c te r ia , in  c lo s e  p ro x im ity  to  
th e  to o th  s u rfa c e  thus  i n i t i a t i n g  c a r ie s .
Sucrose i s  Icnown to  be h ig h .ly  ca rlog sn iC v  In  o rd e r  to  unders tand  th e  
r o le  o f  d e x tra n  in  p laque eco logy  and the  c a r io u s  p ro ce ss , i t  i s  
necessary to  o b ta in  some in fo rm a tio n  abou t i t s  s t ru c tu r e  and p h y s ic a l 
p ro p e r t ie s .
1 .3  DEXTRAN.
Io 3 « l D e f in it io n ?  The term  d e x tra n  i s  a p p lie d  to  hom opo lysaccharides 
o f  ( l “^ 6 } “  l in k e d  oc-g lucopyranose monomers which may e x is t  as s t i ’a ig h t  
cha ins  o r  possess a - > ( l -">33 -g (X - ( l 'A >23 o r  oc- ( l- i t - 4 ) -  l in k e d  s id e  branches. 
The degree o f  b ra n ch in g  i s  u s u a lly  le s s  than  2CJ/c and th e  s id e  ch a in s  a re  
f re q u e n t ly  s h o r t  (Hayn, 1374).
Recent work on d e x tra n s  from  o r a l b a c te r ia  has re v e a le d  th a t  many have 
a v e ry  h ig h  oc—( l - ^ 3 ) -  lin k a g e  c o n te n t and o : - ' ( l ^ 3 )  lin k a g e s  may be tJie 
p redom inant l in k a g e  type  (T ab le  1 *3 ) ,  S t r i c t l y  speak ing , th e  term  d e x tra n  
i s  n o t a p p lic a b le  to  such a s t r u c tu r e  and the  term  %mutan* has been p re ­
posed (F ig .  1 .3 . )c However; in  th e  absence o f  a s a tr is fa c to ry  r u le  f o r  the  
nom encla ture  o f  such p o ly g lu c a n s  and th e  absence o f  in fo rm a t io n  abou t the  
s t r e c tu r s  o f  many o f  thcmj, th e  te rm  d e x tra n  w i l l  c o n tin u a  to  be used to  
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lo 3 c2  Occurrence* Most o f  the  e a r ly  work on d ex trans  was perform ed on 
the d e x tra n  produced by 1puc„ m eeentei'cirJes, a bacte rium  a s s o c ia te d  w ith  
s p o ile d  ve g e ta b le s  and m ilk  p ro d u c ts  and s lim y  sugar s o lu t io n s  (T op ley  
and W ilson? 1966}* The s lim e  o r  ^ropiness® a t t r ib u te d  to  t h is  organism  
was due to  the  p ro d u c tio n  o f  d e x tra n  from  sucrose®
The d e x tra n  was found to  be u s e fu l in  m edic ine as a b lood  plasma e x tende r
to  t r e a t  shock and t h is  s t im u la te d  a g re a t dea l o f  in t e r e s t  in  i t  d u r in g
the  war years* However, d e x tra n s  produced by o th e r  organism s were la r g e ly
ig n o re d  excep t as a taxonom ic a id  in  the  id e n t i f ic a t io n  o f  b a c te r ia l  is o la te s
from  p a t ie n ts  s u f fe r in g  from  b a c te r ia l  e n d o c a rd it is  [N iven  e t  b.1« 1946. Hehro
and N e i l l ,  1946}* Most o f  these is o la te s  cou ld  be p laced  in  one spec ies
which was named S tre p to c o c c u s  sang u is , Dextrans produced by b a c te r ia  o f  the
«
mouth and pharynx were lo n g  regarded as u n im p o rtan t due to  t h e i r  % "elativc
I»
r a r i t y  [ Snyder c t ^ ^ ,  1955) b u t th e  d is c o v e ry  o f  the  d e x tra n -p ro d u c e rs ,
S ,sang u is  and S.mutans in  d e n ta l p laque [C a rlsso n , 1965) and the  th e o ïy  th a tttJ*»Tjïrr»iV.*r̂ Q̂fs'a-i.?ï3Kn ' I V  9  ̂ ''
the  a b i l i t y  to  produce d e x tra n  c o n tr ib u te d  in  some vmy to  the  s e le c t io n  and 
in c o rp o ra t io n  o f  b a c te r ia  from  the  o r a l environm ent in to  d e n ta l p laquo 
(G ibbons and Nygaard, 1958, K rasse , 1965, Gibbons, 1968b) once more focussed 
a t te n t io n  upon them*
1*3*3» C h a ra c te r is a t io n  o f  p laque dex trans* T h is  has a lre a d y  been d iscussed  
b r ie f l y  in  S e c tio n  l , 2 o 3 i i „  E xam ina tion  o f  plaque samples b e fo re  and a f t e r  
r in s in g  w ith  dex tranase  showed a re d u c tio n  in  volume o f  the  p o ly s a c c h a rid e  
m a te r ia l,  sugg es ting  the  presence o f  d e x tra n  which was h yd ro lyse d  by the  
enzyme. However, th e re  a re  problem s assoc ia ted  v /ith  the  use o f  t h is  enzyme 
which have le d  to  an erroneous im p re ss io n  about the  amount and s t ra c tu re  o f  
the  d a x tra n  p re s e n t (S e c tio n  1 ,3 ,4 iv )»
A no the r method f re q u e n t ly  used to  id e n t i f y  dex tran  was th e  p re p a ra t io n  o f  
a n t is e ra  to  i t  and in c u b a t io n  o f  the  a n t is e r  urn w ith  the  te s t  m a te r ia l.
The p ro d u c tio n  o f  a p r e c ip i ta te  was taken to  in d ic a te  the  presence o f  dcsxtran
n
(G ibber,s and E3anghartj 1967} ® Hov/ever de x tra n s  have been shown to  cross-"
re a c t  w ith  a n t is c ra  to  o th e r  p o ly s a c c h a rid e s  in c lu d in g  h e te ro p o ly s a c c h a rid e s  
such as those produced by o th e r  p laque b a c te r ia  and th e  t e s t  canno t bo 
assumed to  be s p e c i f ic  (Hammondj 1969? Dunnican and Seeley? 1966}*
I t  was, f o r  a lo n g  time? assumed th a t  o n ly  one d e x tra n  was p re s e n t b u t i t  
i s  u n l ik e ly  th a t  d i f f e r e n t  b a c te r ia  o r  d i f f e r e n t  s t r a in s  o f  ci p a r t ic u la r  
aî'ganism would a l l  produce e x a c t ly  the  same dex tran* Even s l i g h t  d i f fe re n c e s  
in  s t ru c tu re  cou ld  be expected to  cause d if fe re n c e s  in  p ro p e r t ie s  such as 
s o lu b i l i t y *  C o n d itio n s  w ith in  p laque are  c o n s ta n t ly  changing and t h is  must 
r e f l e c t  on the  d e x tra n s  produced (Jeanes e t  a l « 1954}*
I t  i s  now re  cogn ised t l ' ia t  d e x tra n s  produced by o r a l b a c te r ia  can be f r a c t io n ­
a ted  in  accordance w i.th t h e i r  r e la t iv e  s o lu b i l i t i e s  in  w a te r and in c re a s in g  
c o n c e n tra tio n s  o f  a l k a l i  (B a ird  e t  a l ,  1973)»
A c id ic  h y d ro ly s e s  o f  d e x tra n  samples e x tra c te d  from  p laque  o r  from  pure, 
c u ltu re s  o f  p laque b a c te r ia  have shown i t  to  bs a homopolymer o f  g lucose  and 
the  samples a re  u s u a lly  80-l(XI% pure ca rboh yd ra te  (Gold £ t^a l^ , 1973, Long,
1971, Newbruug 1972}* Most d e x tra n s  c o n ta in  5 - 1 moi s tu  re  ( C r i t c h le y ,  IGSS, 
Wood, 1967, Nev/brun, 1972) b u t i t  i s  n o t a lways c le a r  i f  w orkers a d ju s t  d a ta  
to  a llo w  f o r  th is *  Tab le  1 *1 , summarises the  way in  which the  ca rboh yd ra te  
c o n te n t o f  p laque can bs f ra c t io n a te d  (H otz e t  a l ,  1972)*
( i )  P re p a ra tio n  o f  d e x tra n  samrilaa* A g re a t d ea l o f  the  p re s e n t knowledge 
abou t d e x tra n s  produced by p laque b a c te r ia  has been ga ined  th rough  work on 
pure c u ltu re s  o f  d e x tra n ^p ro d u c in g  p laque  b a c te r ia .  I t  i s  assumed th a t  
these  d e x tra n s  a re  produced in  d e n ta l p laque bu t i t  i s  r e a l is e d  th a t ,  as the  
c o n d it io n s  p re v a le n t in  p laque , canno t be reproduced e x a c t ly  in  th e  la b o ra to ry ,  
the  r e s u lts  must be in te r p r e te d  wdth ca u tio n *
The d e x tra n -p ro d u c in g  b a c te r ia  s tu d ie d  have la rg e ly  been the  s o -c a lle d  
c a r io g c n ic  s t r a in s  (S e c tio n  l « 2 . 4 i i i ) .  However, b a c tc î 'ia  which a re  n o t
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ÏAB IF  1,1 DIAGRAMMATIC REPRESENTATION CF THE CAP8 CHYDRATE CONTENT Œ
DENTAL PLAQUE (HOTZ e t  m l, 1 9? 2 j,
Whole P laque 
18 "2% C arbohydrate
H^D m; o
S o lu b le
Carbohydrate
G '9^
a ly s a b le  
rb o h yd ra te  
B -S/o 
s t l y  Glucose,
In s o lu b le  
Carbohydrate 
ll'^a fo  "
N o n -D ia lysa b le  
Cerbohydra te  
3“/  *•’
M KOH
A lk a l i  




A lk a l i  
In s o lu b le  
Carbohydra te  
3 .7 ^
45Tü E thano l 4bP/D E than o l
P re c ip ita te d  
C arbohydra te  
2 '3 ÿ  d- 0 *? ^  t
W ater S o lu b le
S uperna tan t
7 CT/0 E thano l 7CT/AE th a n o l
\
P re c ip ita te d  
C a rb o h y d ra te , 
0̂ 1<3/ô 4 2 '2 % \  
W ater s o lu b le
S uperna tan t
2^0°A ^  
C arbohydrate
t Percentages expressed as =/o o f  d ry  w e ig h t o f  p laque , 
t  S o lub le  ca rboh yd ra te  re le a se d  on p r e c ip i t a t io n ,  (P o s s ib ly  low  
m o le cu la r w e ig h t sugars trap ped  w ith in  more complex ca rboh yd ra te  
s tru c tu re )®
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c a r io g e n ic  under thsse  c o n d it io n s  m ight? in  a s u ita b le  com b in a tion  vd.th 
o th e r  o r a l b a c te r ia ?  become capable  o f  i n i t i a t i n g  carrU^s. Evidence 
which suggests th a t  t h is  m ig h t o ccu r has been p u t fo rw a rd  by Kreisse (1970) 
and Hadley (1924}*
The d e x tra n  must f i r s t  be produced from  the  organism  s e le c te d  f o r  study® 
C o n d itio n s  o f  p ro d u c tio n  vary? a lm o s t from  one resea rch  team to , th e  n e x t 
and. i t  i s  n o t g e n e ra lly  recogn ised  th a t  grow th c o n d it io n s  a re  im p o r ta n t 
and cou ld  have a p ra found  e f fe c t  upon the  dextransucrase  and hence the  
de x tra n  produced (Ceska e t  a l?  1972, Jeanes e t  a l«  1954),
Ths gi'owth medium a ls o  v a r ie s  and i s  n o t u s u a lly  exarnlned f o r  i t s  s u i t ­
a b i l i t y *  F o r example? the  presence o f  h igh  m o le cu la r w e ig h t p ro te in s  in  
the  medium which would be p re c ip i ta te d  by the  e th a n o l used to  e x t r a c t  the  
d e x tra n  cou ld  cause problem s o f  c o n ta m in a tio n  (Cybulska and Pakula? 1963), 
I t  i s  a ls o  known tha t, dex tra n su c ra se  p ro d u c tio n  i s  b e t te r  in  some media 
than o th e rs  (C ybulska and Pakula? 1963) and the  p ro p o r t io n  o f  d i f f e r e n t  
dex transucrase  can vary/ w ith  th e  medium (Gibbons and S p in e ll?  1974), I n  
some cases sucrose i s  added d i r e c t ly  to  th e  c u ltu re  so th a t  d e x tra n  i s  
produced (Gold^et^oX? 1973? Gibbons and Bonghart? 1967), T h is  causes 
problem s in  h a rv e s t in g  the  d e x tra n  as in s o lu b le  p o ly s a c c h a rid e  i s  lo s t  
w ith  the  b a c te r ia l  c e l ls  when the  c u ltu re  i s  centr5,fuged (Hammonq ? 1969) 
or? in  a tte m p ts  to  e x t r a c t  t h is  in s o lu b le  m a te r ia l from  th e  c e lls ?  c e l l  
w a ll p o ly s a c c h a rid e s  may a ls o  be e x tra c te d  to  contam inate  th e  d e x tra n  
(G ibbons and Nygaard, 1968? Sm ith 1970-71)* The d e x tra n  produced i s  
a ls o  more l i k e l y  to  be con tam ina ted  w ith  medium c o n s t itu e n ts .  The poo r 
e x t ra c t io n  procedures o f te n  le d  to  in s o lu b le  p o ly sa cch a rid e  be ing  lo s t  
and thus  ove rlooked* The w a te r s o lu b le  na tu re  o f  the  p o ly s a c c h a rid e s  
s tu d ie d  le d  to  th e  c o n c lu s io n  th a t  they  cou ld  no t p la y  an im p o r ta n t p a r t  
in  p laque p ro d u c tio n  (Snydai'' e t  a l ,  1955),
O ther w orkers c u ltu re d  th e  c e l ls  i n  th s  presence o f  g lucose  and used the
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crude c u ltu re  s u p e rn a ta n t as a source o f  dextz'ansueraSEj (B a ird  e t  a l „  1973). 
The d e x tra n  produced was more e a s i ly  ha rves ted  and le s s  s e r io u s ly  contam inated. 
C u lt iv a t io n  o f  the  b a c te r ia  has a ls o  v a r ie d  w ith  re s p e c t to  the  use o r  absence 
o f  pH c o n t ro l [B a ird  1973^ Cybulska and P aku la , 1963) which cou ld
a f f e c t  the  enzyme produced [G ibbons and Nygaard, 19S3)o O the r v a r ia b le s  in  
the  p ro d u c tio n  o f  d e x tra n s  a re  the  degree o f  a é ra t io n ,  s t i r r i n g  and oxygena­
t io n  and the  stage a t  which the  c u lh u re  i s  h a rve s te d . Thus i t  i s  d i f f i c u l t  
to  make v a l id  com parisons between d e x tra n s  as c o n d it io n s  o f  p ro d u c tio n  va ry  
so widely®
( i i )  E x tra c t io n  o f  d e x tra n * C o n d itio n s  o f  e x t ra c t io n  o f  d e x tra n  from  the  
in c u b a t io n  m ix tu re  and from  p laque a ls o  v a ry  (Krembel e t  a l ,  1969), In s o l­
u b le  d e x tra n s  may be c e n tr ifu g e d  down i n i t i a l l y  and th e  s u p e rn a ta n t t re a te d  
w ith  e th a n o l to  p r e c ip i ta te  the  w a te r -s o lu b le  d e x tra n s , A f i n a l  co n ce n tra ­
t io n  o f  50-9Cf/o e th a n o l i s  necessary/ to  p r e c ip i ta te  a l l  the  d e x tra n  (Manly 
and K erî-igan , 1972) b u t as th s  c o n c e n tra t io n  o f  e th a n o l in c re a s e s , le v a n , 
which i s  a ls o  produced by many d e x tra n -p ro d u c in g  b a c te r ia ,  i s  p r e c ip i ta te d  
(M anly and K e rr ig a n , 1972, B a ird  £ t ^ a l ,  1973, Nswbrun, 1972) and may con­
ta m in a te  d e x tra n  p rapa ra tions®  In  some cases the  b a c te r ia l  c e l ls  a re  d is ­
ru p te d  to  re le a s e  c e l l—bound enzyme (G ibbons and Koyes, 1969, Hammond, 1969, 
Gibbons and Nygaard, 1968) and t h is  may produce a d e x tra n  which d i f f e r s  from  
th a t  produced by e x t r a c e l lu la r  enzyme (G ibbons and Nygaai"d, 1968),
The d e x tra n s  may be f ra c t io n a te d  by e x t ra c t io n  w ith  w a te r and in c re a s in g  
c o n c e n tra tio n s  o f  K0-! o r  NaCH (B a ird  e ^ a l ,  1973, Gibbons and Nygaard, 1968, 
Gibbons and B angha rt, 1967)® Ths method o f  e x t ra c t io n  may in f lu e n c e  the  
m o le c u la r arrangem ent o f  th e  d e x tra n  and hence i t s  chem ica l re a c t io n s ,  as 
shown by Wessels a t  a l  ( l9 7 2 )  f o r  a n o C -( l-> 3 ) -  lin k e d -g lu c a n  fram  th e  c e l l  
w a lls  o f  Sch izophyllu rn  commune,
1 ,3 .4  S t r a c tu ra l exam in a tion  o f  d e x tra n s . I n  o rd e r  to  s tu d y  the  type  o f  
l in k a g e  p re s e n t in  d e x tra n , p e r io d a te  o x id a t io n  and h e th y la t io n  s tu d ie s  
have been ve ry  u s e fu l ( S loan e t  a l ,  1954, Rankin and Jeanes, 1954)®
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Enzymic d e g ra d a tio n  has a ls o  been employed b u t i s  o f  l im i te d  use 
( Se c t i  on 1 *3 ,4 . i \ /  ) »
f i )  P e rio d a te  ox i da tion»  Pex’io d a te  o x id is e s  the bond between v ic in y l  
h y d ro x y l g roups. I f  one o f  th e  h y d ro x y l groups i s  a p r im a ry  one? 
fo rm aldehyde i s  re le a se d * I f  th e re  a re  th re e  a d ja c e n t h y d ro x y l graups, 
the  m idd le  carbon atom w i l l  be l ib e r a te d  as fo rm ic  a c id *  The o x id a t io n  
p ro d u c ts  o f  p e r io d a te  o x id a t io n  o f  ( X a n d c i ™ ( l - - > 3 )  —
lin k e d  d e x tra n s  a rc  shown in  T ab le  1*2* From t h is  i t  car; be seen t i ia t  
the  presE:nce o f  an c x - [ l" 7 3 )  -  lin k a g e  p re c lu d e s  the  p o s s ib i l i t y  o f  o x id a ­
t io n  o f  th a t  p a r t ic u la r  g lucose  u n i t *  d  - ( 1 - 4 6 ) -  and c t - ( l “7 4 ) -  l in k e d  
m o lecu les  a re  o x id is e d  by p e r io d a te  however, the  fo rm e r consuming two 
m o lecu les o f  p e r io d a te  p e r  g lucose  u n i t  whereas the  l a t t e r  consumes o n ly  
ones
U n t i l  r e c e n t ly  fs to u d t  and N o l ls ta d t ,  1974) th e re  was no ev idence  to  
suggest the  presence o f < 1 -(1 -^ 2 )-  l in k a g e s  in  d e x trans  produced by o r a l  
b a c te r ia *  Any such lin k a g e s  would fo rm  g lyce ra ld e h yd e  as the  f i n a l  p ro ­
d u c t a f t e r  h yd ro g e n a tio n  and h y d ro ly s is  b u t no fo rm ic  a c id  d u r in g  p e r io d a te  
o x id a t io n  and cou ld  th e re fo re ?  be d i f f e r e n t ia t e d  from  oî-»( 1-^6)™ lin k a g e s *  
The re p e a tin g  u n i t  in  a d e x tra n  i s  cons ide red  to  be an anhydrous g lucose  
u n i t  (AGU) due to  i t s  lo s s  o f  a w a te r m o lecu le  in  th e  fo rm a tio n  o f  the  
g lu c o s id ic  bond.
Form ic  a c id  can be produced by an AGU in  an (T -[T -3 G )- lin k a g e  o r  as a n o n - 
re d u c in g  te rm in a l AGU, S ince i t  i s  n o t p o s s ib le  to  d is t in g u is h  between 
them? they  a re  known as ®l--y6 -  l ik e ® .  P e rio d a te  consum ption i s  measured 
w ith  t im e , A known amount o f  p e r io d a te  i s  p re s e n t a t  ze ro  tim e  and a t  
re g u la r  in t e r v a ls , a sample i s  removed from  the  o x id a t io n  m ix tu ï ’Q. The 
p e rio d s  be which lias n o t been consumed i s  removed by a d d it io n  o f  a knov/n 
amount o f  a rs e n ic  t z io x id e .  The excess a rs e n ic  t r io x id e  i s  then t i t r a t e d  
a g a in s t  s ta n d a rd is e d  io d in e ^  Frem th is ?  the  p e r io d a te  consunip tion can be
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FABLE 1.2 PEglDOATE r ...
AND d, -  1 - f  3 -  LINKED GLUCANS,
The top  l i n e  o f  the  ta b le  re p re se n ts  the  s t iu c t i i r e  o f  the  
anhydrog lucose u n i t  and the  type  o f  lin k a g e  which l in k s  i t  to  
the  main g lucan  ch a irg  The second l in e  re p re s e n ts  the  p ro d u c t 
o f  p e r io d a te  o x id a t io n  o f  the  anhydrog lucose u n i t .  The t h i r d  
l in e  re p re s e n ts  th e  p ro d u c t o f  re d u c tio n  o f  the  p e r io d a te  
o x id is e d  u n i t  and the  la s t  l i n e  in d ic a te s  th s  c h a r a c te r is t ic  
fragm en t re le a se d  upon h y d ro ly s is  o f  the  reduced p rodu c t*  The 
f i n a l  frag m en t may then  be id e n t i f ie d  by gas—l iq u id  chromato­






































t <  A.X X







COC=3C_33=3i I_CS3 t :  c=3
=a=r
ë e r aU LJ.








i  5LW :s







c a lc u la te d o  F o rm ic  a c id  re le a s e d  i s  measured by t i t r a t i o n  a g a in s t  
b a riu m  h y d ro x id e  &
The lA îa c t io n s  can be sumrnarâsed as fD llo v .'ss -- 
No. i O4, -F 2K1 d- H:^0  H a l  4 - ^  KOH t
2 K O H  Hr Z iM aHCO ^ ------ ^ N a^C O ^ -r K^CO^ t  21-^0
+  Na^ As H- H ^O  ----- > N  A s  O^. 4- Z H l
T hus? -
*y4 1 — f G "■•‘l i k e  l in k a g e s  — x 100
!T1 rti.oJ. HbU
Where th e re  a re  n a c C - '( l“1 4 ) -  l in k a g e s  in  th e  m o le c u le  ^m%l)'ICOCH produced® 
can be re p la c e d  by p e r io d a te  consumed'^,
I f  oc-»(l"-V4) -  o r  d  -  ( l " t 2 )  -  l in k a g e s  a re  p re s e n t? -
To c£ 1 -12  o r  (m m o i ÏC), } -  2 x. (m n ro l HCOCh)
^  X J.LJU
l in k a g e s  m m o l AGU
The p e rc e n ta g e  o f  cc— ( iH O )  -  l in k a g e s  Dan the n  be d e te rm in e d  by d i f fe r e n c e  
such t h a t  a l l  l in k a g e  ty p e s  p re s e n t add up to  1G0^4« D v c r - o x id a t io n  p ro ­
b lem s can o c c u r j b u t  th s s e  can be m in im is e d  by c a r e fu l  c h o ic e  o f  e x p e r im e n ta l 
c o n d it io n s a  I d e n t i f i c a t i o n  o f  th e  p ro d u c ts  o f  o x id a t io n  i s  d e s ir a b le  
(D y e r, 3956} to  r e le  c u t  th e  p o s s i b i l i t y  o f  o v e r - o x id a t io n *  ( l - ^ G j -  l in k e d  
p o ly s a c c h a r id e s  a re  f a i r l y  r e s is t a n t  to  o v e r - n x id a t ip n  and (1 —>3) -  l in k e d  
p o ly s a c c h a r id e s  a re  o x id is e d  more s lo w ly  th a n  ( l “T 4 ) -  l in k e d .
( i i ]  S m ith  d e g ra d a tio n ^  The d e g ra d a t io n  p ro d u c ts  o b ta in e d  upon r e d u c t io n  
and h y d r o ly s is  o f  th e  p e r io d a te  o x id is e d  d e x tra n s  a re  shown in T ib K i  12a 
I d e n t i f i c a t i o n  o f  t lie s e  can be used to  con fix 'm  th e  d e x tra n  s t r e c tu r e ,
( l i i )  î4e fch y la tio n  s n n ly s iS o  I n  t h i s  p ro ce d u re  th e  h y d ro x y l g ro u p s  o f  th e  
in d iv id u a l  g lu c o s e  u n i t s  o f  th e  p o ly m e r a re  m e th y la te d . The g lu c a n  i s  th e n  
h y d ro ly s e d  to  re le a s e  th e  m e th y la ta d  u n i t s  w h ich  a re  i d e n t i f i e d ;  u s u a l ly  by 
g a s - l iq u id  c h ro m a to g ra p h y , and crie p rc ip o r t io n  o f  eac ii ty p e  fo u n d . The
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nan -m e thy la ted  carbon atoms o f  the  d e r iv a t iv e s  in d ic a te  th a t  the  h y d re x y l 
group a tta c h e d  to  th a t  atom was in v o lv e d  in  bonding and was, th e re fo re ,  
s h ie ld e d  from  m é th y la t io n , 0 , 9 , ,  2 , 3 ,4  t r i - m e th y lg lu cos ide  i s  d e r iv e d  from  
a g lucose  u n i t  in v o lv e d  in  -  lin k a g e s  and th e re  were no h y d ro x y l
groups on the  C I and C6  p o r t io n  a v a i la b le  f o r  rne thy la tiono  Tlius the  p ro ­
p o r t io n s  o f  lin k a g e  types  and degree o f  b ranch ing  may be found* 
f i v ]  Enzymic d e g ra d a tio n  o f  r io x tra ns* Doxtranase Cï-’i -76} -  g lucan  
hyd ro la se  j^m utanase fcv - ( l - t s )  -  g lucan  h yd ro la se ,] and a '-am ylase have a l l  
been used in  a tte m p ts  to  h y d ro ly s e  the  d e x tra n  in  p laque (Guggenheim e^t^al , 
1972) and d e x tra n  samples (Guggenheim, 1970) in  o rd e r  to  g a in  some in fo rm a ­
t io n  abou t the  s u s c e p t ib i l i t y  o f  th e  d e x tra n  to  enzymic a t ta c k  and hence 
i t s  stractuz''ec However, s e v e ra l f la w s  in  t h is  work a re  a p p a re n t.
I n i t i a l l y ,  i t  was assumed th a t  the  d e x tra n s  in  p laque would bs p re d o m in a n tly  
<X.v- (1~76) -  l in k e d  and th a t  a l l  o f  th e  d e x tra n  would be h yd ro lyse d  (Minah 
e t  e l ,  1972},
The enzyme was known to  b r in g  abo u t ra p id  h y d ro ly s is  o f  com m e rc ia lly  p re ­
pared s t r a ig h t  cha in  a‘ -  (1-7G) — lin k e d  d e x trans  w ith  th e  re le a s e  o f  
is o m a ito s s j I t  was n o t re a lis e d  th a t  a h ig h ly  branched d e x tra n  c o n ta in in g  
lin k a g e s  o t l'is r  thancc— ( l" 7  G) would n o t be co m p le te ly  h yd ro lyse d  (Hutson 
and W e ig l, 1.963), The s p e c i f i c i t y  o f  the  dextranase  was unknown, i t  was 
o f te n  contam inated w ith  o th e r  enzymes (K s l.s tru p  e t  g . l, 1973) and, be ing  o f  
fu n g a l o rig j.r ig  i t  \my have l i t t l e  e f f e c t  upon b a c te r ia l  d e x tra n s  (Newbrun* 
1972)f In  f a c t j  a com parison o f  s e v e ra l com m e rc ia lly  a v a i la b le  dextranases 
by Tsuch iya  e t  a l  (1952) showed marked d if fe re n c e s  in  t h e i r  a b i l i t y  to  
h y d ro ly s e  te s t  d e x tra n s  (Ceska e t  a l ,  1972- Newbrxin, 1972, F itz g e ra ld  e t  e l ,  
I9 6 0 ) ,  Secondly, the  co m m e rc ia lly  a v a ila b le  d e x tra n s  a re  u s u a lly  r e a d i ly  
s o lu b le  in  w a te r and form  homogeneous s o lu t io n s  such th a t  the  d e x tra n  i s  
r e a d i ly  a v a i la b le  to  th e  enzymce In  p laque , however, the  d e x tra n s  a re
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la r g e ly  in s o lu b le  and t h e i r  ra te  o f  h y d ro ly s is  m ust, th a ro fa ro j depend 
upon the  t o t a l  s u rfa c e  area o f  d e x tra n  a v a i la b le  to  t l ie  enzymc-î and the  
a rea  occup ied  by the  enzyme (K e ls tre p  1973)o Tim enzyme m o lecu le ,
be ing  v e ry  la rg e ^  would n o t be a b le  to  p e n e tra te  p laque r e a d i ly  and would 
expe rience  s t e r ic  h in d ra n ce  by a la rg e ,  h ig h ly  branched d e x tra n  m o lecu le .
Thus i t  may n o t be a b le  to  h y d ro ly s e  the  le s s  a c c e s s ib le  l in k a g e s  o f  the  
m o lecu le  (Hutson and W e ig i, 19(33}« The method o f  e x t ra c t io n  o f  the  d e x tra n  
m o lecu le  co u ld  a ls o  a f f e c t  i t s  s t ru c tu r e  in  such a way as to  a l t e r  i t s  sus­
c e p t i b i l i t y  to  th e  enzyme. T h is  has been shown to  be th e  case w ith  an 
( 1 —73 ) -  l in k e d  g liic a n  e x tra c te d  from  the  c e l l  w a lls  o f  Sch izophyllu rn  
comrfujne by Weasels e t  a l  (1972}
T h ird lys ! the  exam in a tion  o f  d e x tra n  h y d ro ly s a te s  f o r  is o m a lto s e  r a r e ly  
re ve a le d  more than a tra c e  (B o ld  e t  a l ,  1973, Minah e t  a l ,  1972} and t h is ̂ *.icew=t*ti*r'/:ç3fca ̂  • ♦tvasi«ï:s5ŜÆ\*o* ^
le d  to  th e  c o n c lu s io n  th a t  th e re  was no d e x tra n  in  plaque*. However, the  
plaque, was o n ly  exposed to  dex tranase  f o r  p e r io d s  o f  15-30 min, w h ich , in  
the  l i g h t  o f  the  above o b s e rv a tio n s , cou ld  h a rd ly  be expected to  a l lo w  ve ry  
much h y d ro ly s is  to  o ccu r (Tanzer e t  a l ,  IS72« Minah e t  a l .  1972, Newbrun, ̂ CMüïi,îpti:j<̂jKr-î3iV̂ * Ctsiier-jvaiK-iSiij* F * -
1972} « The te ch n iq u e s  used to  id e n t i f y  is o m a lto s e  wei^e a ls o  ra th e r  era  de 
e«go paper chrom atography* and c o u ld  n o t be expected to  d e te c t  th e  v e ry  
s m a ll amounts o f  is o m a lto s e  v/hich would be re le a s e d  in  such a s h o r t  in c u b a t io n  
p e r io d . S im i la r  problem s o f  p e n e tra t io n  o f  the  p laque , enzyme s p e d  f i  c ity / 
and id e n t i f i c a t io n  o f  the  p ro d u c ts  e x is te d  w ith  t l ie  use o f  mutanase,
(v )  I n f r a - r e d  soectroscppys A tiio re u g h  s tu d y  o f  in f r a - r e d  s o e c tra  produced 
from  d e x tra n s  o f  Leüc„m esen tsrü ides has been c a i'r ie d  o u t by Heyn (1974 },
Only the  re g io n  below 1400 on“  in  the  spectrum  i s  s p n c i f ic  f o r  g lu cans* 
V a r ia t io n s  in  th e  sharpness o f  peaks o r  d isp lacem en t o f  peaks can o c c u r, 
depending on the  o r ig in  and tre a tm e n t o f  the  d e x tra n  samples* e*g* peaks in  
the  re g io n  400 — 750 cm  ̂ can be d is p la c e d  by v a ry in g  the  h e a tin g  o r  d î'y in g  
o f  fsamplcs. Thus, the  p re p a ra t io n  o f  samples must be co n s id e re d  when com- 
pa itlng  i * r ,  s p e c tra .
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SomG peaks may be superim posed a peak a t  BCD cm “ th a u g lit  to  be due
to  th e  presence o f  bound w a te r i s  o f te n  d i f f i c u l t  to  d is t in g u is h  from  a 
peak a t  790 or( ^ which i s  a t t r ib u te d  to  a > ( l '^ 3 )  b ra n ch in g  lin k a g e  v ib ra t io n *  
The s p e c tra  o f  d e x tra n s  o f  d i f f e r e n t  m o le c u la r  w e ig h ts  do n o t d i f f e r  essen­
t i a l l y .
In fo rm a t io n  can be o b ta in a d  from  ie r ,  s p e c tra  in  re s p e c t o f  hydrogen bonding 
and bound w e te r as w e ll  as the  presence o r  absence o f  v a t io u s  lin k a g e  typ e s  
and ïûng  s t ru c tu re s  (S e c tio n  1 *3 , fS),
loTo cann o tg hcnvsver, s u p p la n t c la s s ic a l  chem ica l methods.
Some o f  th e  in fo rm a tio n  v/hich has been o b ta in e d  abou t the  s t r u c tu r e  o f  v a r io u s  
d e x tra n  p re p a ra t io n s  i s  g iv e n  in  Tab le  le 3 , I t  dem onstra tes the  changes 
which o c re r  i n  d e x tra n  s t r u c tu r e  when prepared  from  p ro g re s s !v E ily  f u r t h e r  
f ju i i f i e d  d e x tra n su c ra se  p re p a ra t io n s .  S tu d ie s  on d e x tra n  s t ru c tu r e  have a ls o  
been c a r r ie d  o u t by S tc u d t and N o l ls ta d t  (1974)* Long (1971}* Long and Edwards^
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' i . 3 , 5  P h y s ic a l p ro p e r t ie s  o f  d e x tra n .
N a tiv e  d e x tra n  produced by Leuc,m G sentsro ldes i s  a h ig h ly  branched m olocu le  
o f  h ig h  m o le c u la r w e ig h t Which i s  in s o lu b le  in  w a te r and s ta b le  to  oxygen 
(E b e rt and Schenk^ 1968},
I t  i s  a g lu t in o u s *  te n a c io u s  substance and i t  owes t h is  p ro p e r ty  to  the  
f l e x i b i l i t y  o f  in ts rm o le c u la r  a t t r a c t io n s *  These c o n s is t  o f  hydrogen 
bonds between h y d ro x y l groups b u t .they a re  le s s  p e r fe c t*  more v a r ia b le  in  
s tre n g th  and fe w e r in  number than  tl'iose found in  s tra n g , r i g i d  polym ers 
such as c e l lu lo s e  [Heyn* 1974}*
Law m o le c u la r w e ig h t d e x tra n s  o f  LeuCamesenteroides have 0*^7 -  0*9  m o lecu lesemyi.iîï/.3Tr3sxi'sy«î.'y-aru'scr7t«tii2rriAtiyR‘tti*ii-*3tiî5K,«*.«i
o f  bound w a te r p e r hydx'oxyl group v/hereas h ig h  m o le c u la r w e ig h t dextran,s have 
0*5% T h is  i s  th o u g h t to  be due to  random c o i l  fo n n a t io n  by h ig h  m o le c u la r 
w e ig h t d e x tra n s  a l lo w in g  in tra m o le c u la r  hydrogen bonding to  o ccu r and the reby* 
le a v in g  few e r h y d ro x y l groups a v a i la b le  to  watery Removal o f  t h is  w a te r 
le a d s  to  a c o lla p s e  o f  th e  m o lecu le  in t o  an i r r e g u la r  conform at io n  w ith  lo w e r
f l e x i b i l i t y  than in  s o lu t io n  (Heyn* 1974}.
H y d ra tio n  v/atex'' in   ̂ox^ganised^ foxin niay occu r in  dextx'an such th a t  w a te r
m o lecu les  a s s o c ia te d  w ith  h y d ro x y l groups and v /ith  them selves fo ra  ch a in s  o f
v /a te r w ith  stx-'ong hydrogen bonding*
W ater m o lecu les  bound to  two hyd r'oxy l groups to  fo ra  a br'idge g iv e  the 
s tro n g e s t hydrogen bonding o f  a l l  and hay a ls o  o ccu r in  d e x tra n * Heyn (1974} 
proposed th a t  eve i'y  second oxygen atom o f  th s  cha in  i s  hydrogen^bonded to  
an h y d ro x y l group a t  an equa l p o s i t io n  in  subsequent pyranoso r in g s  o f  a 
riexti'B n m o lecu le  w h ile  in te rm e d ia ry  oxygen atoms a re  bound to  h y d ro x y ls  o f  
a n e ig h b o u rin g  d e x tra n  m o le cu le , b in d in g  the  two to g e th e r  o ve r a c e r ta in  
le n g th . Some h y d ro x y ls  a re  then  l e f t  unbonded* O b se rva tions  o f  Johnson 
e t  a l  (1974} endorse t h is  v ie w . They found th a t  p r o t o f i b r i l s  o f  d e x tra n  
were a s s o c ia te d  in  p a ir s ,  when examined under the  e le c tro n  m icroscope 
(S e c tio n  1 ,3 * 6 } ,
The te n a c ity  o f  d e x tra n  i s  o f  obv ious  im portance  in  p laque fo ra a t io n  
(S e c tio n  1 ,2 *4 }*
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I t  has a ls o  been suggested th a t  n e g a tiv e ly  charged groups occu r in  d e x tra n ; 
s e t t in g  up re p u ls iv e  fo rc e s  w ith in  the  m olecu le  (R o lla  and M ath ieson, 1970), 
However, the  d e x tra n  s tu d ie d  was n o t a b s o lu te ly  pure and t l r i s  e f f e c t  cou ld  be 
due to  contam inants* These con tam inan ts  m igh t be io n s  which a re  r e v e r s ib ly  
bound to  d e x tra n  (Rorem, 1955, K e ls tru p  and F u n d e r-N ie lso n , 1972)* R e pu ls ive  
fo rc e s  would p re v e n t d i f f u s io n  n f  charged m o lecu les , such as a c id s ,  th rough  
the  d e x tra n  w h ile  a l lo w in g  passage o f  sugeirsz T h is  cou ld  be o f  g re a t 
im portance  in  p la q u e , le a d in g  to  th e  b u ild -u p  o f  a c id s  w i.th in  p laque b u t 
a l lo w in g  the  passage o f  n u t r ie n ts  to  b a c te r ia *
O bse rva tions  by Saxton and C r ltc h le y  (1970) th a t  sucrose and g lucose  d i f fu s e  
r e a d i ly  th rough  p laque b u t th a t  some b a c te r ia ,  p a r t ic u la r ly  those  fu r th e s t  
from  the  s a l iv a  in te r fa c e ,  show s ig n s  o f  amino a c id  d é f ic ie n c e s  would tend  to  
s u p p o rt t h is  v iew ,
Gez-'tain d iv a le n t  io n s ,  such as ca lc iu m , may form ®bridges® by com b in a tion  v /ith  
n e g a tiv e ly  charged g i'oups, e l im in a t in g  re p u ls io n *  P ro te in s  may a ls o  be 
in c o rp o ra te d  in t o  d e x tra n  by com b in a tion  v /ith  n e g a tive  groups o r  by d iv a le n t  
c a t io n  bra.dgas (K e ls tru p  and F u r i d e i e  1 son, 1972) «
Gibbons and B anghart (196?) have shown a. n o n -s p e c if ic  p r e c ip i t a t io n  c f  d e x tra n  
w ith  p ro te in  and th a t  a p r e c ip i t a te  c o n ta in in g  ca rb o h y d ra te , p r o te in ,  phos­
phorus and ca lc ium  form s in  th e  presence o f  s a l iv a ,  K e ls tru p  and Fondera 
N ie ls o n  (1972) observed a s im i la r  in c o rp o ra t io n  o f  lysozyme in to  in s o lu b le  
d e x tra n . They a ls o  found th a t  d e x tra n  p re p a ra t io n s , even a f t e r  e x te n s iv e  
p u r i f ic a t io n ,  co n ta ined  O^OIS -  8 » lÿ  (w/vv) phosphate,
Rorem (1955) suggested th a t  d e x tra n  ta ke s  up io n s  from  the  env ironm ent and 
an exchange o f  io n s  occu rs  between b a c te r ia l  c e l ls  and p o lysa cch a rid e * The 
p o lysa cch a rid e  then exchanges io n s  w i t i i  those in  the  env ironm ent and th u s  
a su p p ly  o f  io n s  can o c cu r th rough  the  de x tra n  to  the  p laque b a c te r ia .
Thus the  p r e c ip i t a t io n  o f  p ro te in /d e x tra n  complexes i s  p ro b a b ly  o f  im portance  
in  p laqua fo rm a tio n  w h ile  the  su p p ly  o f  e s s e n t ia l n u t r ie n ts  to  th e  b a c te r ia l  
c e l ls  i s  n o t s e r io u s ly  Z'etai'dad by ths  presence o f  dex tran*
32
la3oG The p h y s ic a l appearance o f  dex tran^  E xam ina tion  o f  d e x tra n s  by 
e le c tro n  m icroscopy has re v e a le d  d if fe re n c e s  between th e  po lym ers produced 
by d i f f e r e n t  organism s [Jol'inson 1974) and by the  same organism s a t
d i f f e r e n t  tim es  a f t e r  sucrose r in s e s  (Johnson o t  a l«  1974* C r l t c h le y  and 
Saxton g 1970, Saxton and F in d la y ,  1971), S tu d ie s  on S*mutans GS>-5 which 
fo rm s a d e p o s it  on th e  w a lls  o f  the  v e s s e l in  which i t  i s  grown in  the  
presence o f  sucrose and S,mutans Q6-511 and GS-514* m utan ts  which do n o t 
fo rm  d e p o s its ,h a v e  shown d if fe re n c e s  in  th e  p o ly s a c c h a rid e s  e la b o ra te d  
from  sucrose by the  th re e  organism s* GS-5 had a g re a te r  tendency to  form  
b a c te r ia l  agg rega tes and two types  o f  p o ly s a c c h a rid e  ware e v id e n t -  a 
g lo b u la r  form  and a f i b r i l l a r  form  which was found to  c o n s is t  o f  two p r o to -  
f i b r i / l s ,  2nm w ide , ly in g  s id e  by s id e  (S e c tio n  1 ,3 *5 1 ) ,  G S -S ll formed a 
s o lu b le  g lo b u la r  p o ly s a c c h a rid e  which was o n ly  o c c a s io n a lly  v is ib le  on the  
c e l l  s u rfa c e *  G5-514 produced ch a in s  o f  g lo b u la r  p o ly s a c c h a rid e  which 
were re p la c e d  as th e  medium g e lle d  by lo n g  f i b r i l s  c o n s i.s t in g  o f  tw/o pz 'o to - 
f i b r i l s  5nm và.de<,
Johnson (1974) concluded th a t  th e  f i b r i l l a r '  p o ly s a c c h a rid e  was p ro b a b ly
re s p o n s ib le  f o r  the  a b i l i t y  to  adhere to  s o l id  su rfa ce s*
Newbrun eiz^al ( I 9 7 l )  observed th a t  in s o lu b le  g lucans  p repared  from  d i f f e r e n t  
o r a l b a c te r ia  were s p h e r ic a l o r  e l l i p s o id a l  and f re q u e n t ly  form ed agg rega tes  
o r  beaded f ib r e s  and, o c c a s io n a lly ,  s h o r t  cha ins  o f  up to  n in e  m o lecu les .
Ths m o le re le s  ware 24&8 -  28^5 nm v id e  and 4^1 « 5 :2  nm h ig h  which i s  o f  th e  
same o rd e r  as g lo b u le s  o f  p o ly s a c c h a rid e  observed by Johnson e t  a l  (1974 ),* «AttîSJï/ï̂rÆJjia
C o tton  e t  a l  (1973) a ls o  observed g lo b u la r  and f i b r i l l a r  fo re s  o f  d e x tra n  
w hich were produced by S.mutans in  sucrose b ro th , Ths c e l ls  were co m p le te ly  
submerged in  p o ly s a c c h a rid e  w i th in  72h and th e  enamel beneath the  c e l ls  was 
found  to  be e tch e d j
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B u lkacz e t  e l  (1974] have shown th a t  m utants o f  S* mutans E49 and 6715 
which cou ld  n o t form  p laque had a d i f f e r e n t  d e x transucrase  c o n te n t from  
the  ®wild® type*
In 4 DEXTRANSUCRASE, 
lo 4 c l  Mode o f  a c t io n ,
(G lucose) 1- yS ucrose —7 (G lucose) t  y  F ru c to se
 ̂ n "t y
D extran  D extran
The re a c t io n  proceeds a c c o rd in g  to  the  above e q u a tio n  w ith  d o n a tio n  o f  
the  g lu c a s y l m o ie ty  o f  sucrose to  an a c c e p to r m o lecu le  and re le a s e  o f  
f ru c to s e  (E ise nbe rg  and H e s tr in ,  1953)* The f ru c to s e ,  re le a s e d  as 
f  ra  c to  fu  ran os i  de g c o n v e rts  to  the  moi"e s ia b le  fra c to p y ra n o s e  fo rm , push ing  
th e  e q u il ib r iu m  to  th s  r ig h t  so th a t  the  re a c t io n  i s  i r r e v e r s ib le  (B rack -  
N ee ly , i9 6 0 ) ,
Ths enzyme i s  s p e c i f ic  f o r  sucrose  which possesses s u f f i c ie n t  energy in  
th e  g lu c o s fc -fru o to s c  bond (»  6 ,600  c a l/m o l)  f o r  the  fo rm a tio n  o f  d e x tra n  
(Newbrun, 1969)*
A re p o r t  was p u b lis h e d  o f  the  fo rm a tio n  o f  d a x tra n  from  r a f f in o s e ,  m a ltose , 
la c to s o  and g lucose  by L a c to b a c il lu s  ease l 32 -  1 -!• b u t th e  * dextran®jFidLisrjAis r/33'so»'. >*.!cra,-rtTTK \
produced was n o t c h a ra c te r is e d  and th e  ca rboh yd ra te  assay was n o t s p e c i f ic  
f o r  d e x tra n * I t  seems l i k e l y  th a t  th e  substances produced were co n tam in a t­
in g  m a te r ia ls  from  the  grow th medium o r  o th e r  ca rboh yd ra tes  produced from  
the  sugars (Hammond, 1969)* A cce p to r m olecu les such as suc rose , is o m a lto s e , 
m a ltose  and g ly c e ro l produce o n ly  s h o r t  cha in  o lig o s a c c h a r id e s  and, t h is  
le a d s  to  a ra p id  in c re a s e  in  the  r a te  o f  p ro d u c tio n  b u t low  y ie ld s  o f  h ig h  
m o le c u la r  w e ig h t d e x tra n  (E b e r t and Schenk, 1968, K o e p s e ll £ t ^ l ,  1953, 
Newbran and C a rlsso n , 1969),
W alker ( l9 7 2 )  has shown th a t  the  g lucose  m o ie ty  i s  p ro b a b ly  tra n s fe r i^ e d  to  
the  C-6 p o s i t io n  i n i t i a l l y  and th a t  t r a n s fe r s  to  C-3 p ro b a b ly  o ccu r la te r *
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T h is  i s  borne o u t by o x p s r im e n ta l da ta  (Tab le  l .S } *
f
f i )  Chain e lo n g a tio n *  Thez^e a re  two p o s s ib le  mechanisms o f  ch a in  e lo n g a - 
t io n ? «
a ) Stepw ise p ropagation ,, Here an enzym e-substra te  complex donates 
the  g lucose  m o ie ty  to  the  g row ing  polym er w ith  re le a s e  o f  fru c to s e *
b) In s e r t io n *  I n  t h is  case an enzym e-subs tra te -pc lym e r complex i s  
farmed w h ic h  re le a s e s  f ru c to s e *  Hence th e  enzyme and po lym er a re  
bound to g e th e r  b u t the  bond between them must be s tro n g  enough to  
ho ld  d u r in g  the  re a c t io n  b u t f le x ib le  enough to  a llo w  in s e r t io n .
I f  the  average m o le c u la r w e igh t o f  the  d e x tra n  i s  independen t o f  the  con­
v e rs io n  r a te ,  the  l a t t e r  hschanism a lm os t c e r ta in ly  i s  in  o p e ra t io n a l E b e rt 
and Schenk ( i9 6 0 )  have shown t h is  to  be th e  case f o r  d e x tra n  p ro d u c tio n  by 
LeuCaiTiesonteroirieSa They a ls o  f e l t  t h a t  b ranch ing  occu rre d  v/nen an a lre a d y  
e la b o ra te d  d e x tra n  c h a in  a c te d  as a c c e p to r b u t o th e rs  (B rock-M eolyg I960 ) 
f e e l  th a t  a second, b ranch ing  enz>Tne may be in v o lv e d  in  some organism s* 
Brock-fsleely ( i9 6 0 )  observed th a t  th e  m o le c u la r w e ig h t  o f  d e x tra n  sometimes 
c o n tin u e s  to  in c re a s e  a f t e r  a l l  th e  sucrose has been u t i l i s e d .  He p o s tu la te d  
th a t  preform ed m o lecu les  wore be ing  a tta c h e d  to  th e  main cl la in  by a b ranch ing  
enzyme*
( i i )  Enzyme re q u ire m e n ts , LeuComesenteroides has been re p o r te d  to  re a u ire  
a c e ta te  f o r  d e x tra n  p ro d u c tio n  w h ile  L a c to b a c il lu s  R'AM-13 a ls o  re q u ire s  
Mn*"** and c i t r a t e  (Dunnican and S ee ley, 1953), No such requ ire m en ts  have 
been re p o rte d  f o r  d e x tra n  p ro d u c tio n  by o r a l  b a c te r is e
( i i i )  In d u c t io n ,  The d e x transuc rase  o f  Leuc.m esen te ro ides i s  in d u c ib le
*  «Trjr;ij*>cîs?s!ïj<iTA«Tv»îWii5aa *rtïSesctw:ïTcr*wWt«^wi.mfc'j:6.ï!-^ait5Ta*TBtA.'vaBrtï3{»j
v .lth  sucrose . P o s s ib ly  th e  f r u c  to fu  ra  nose p a r t  o f  th e  sucrose m o lecu le  i s  
re s p o n s ib le  f o r  the  In d & c tio n  p rocess (B rock-N ee ly  and N o tt ,  1962), D extran— 
sucrose p rodu c ing  p laque organ ism s s tu d ie d  have been found to  produce the  
enzyme c o n s t ! t u t i v e l y  (C a rlsso n  e t  a l ,  3.969. Osborne e t  a l ,  1974; C h lu d z in s k i\ «?jT4Tas/rr?»xï> * * cirT*«amrw%u » *
e t  a lo  1974, P uk in  e t  a l ,  1974)*
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f i v )  I n h ib i t io n .  I n h ib i t io n  o f  dex tranouom se  has been i"eparted  by low  
m oleculai"' w e ig h t d e x tra n s  and g ly c .e îr l.  [Newbrun e t  a l ,  1974» Gibbons and 
Nygaard, 1968) which a c t  as a c c e p to rs  g iv in g  a f a s te r  r a te  o f  re a c t io n  b u t 
a lo w e r y ie ld  o f  h igh  m o le c u la r  w e ig h t d e x tra n .
I t  has a ls o  been in h ib i t e d  by N-^bromosuccinirnide^ a re a g e n t commonly used 
to  o x id is e  the in d o le  rd.ng system in  assays f o r  try p to p h a n  in  p ro te in s  
(Callaham  and HeltZp 1974}, w hich i s  b e lie v e d  to  d e s tro y  a try p to p h a n  re s id u e  
a t  th e  a c t iv e  s i t e  o f  th e  m o lecu le  and th u s  p re ve n t the  fo rm a tio n  o f  d e x tra n . 
EDTA has been shown to  i n h i b i t  dex transu  erase from 8 ̂  mu tans  13 HT [ B a i l ie  t  and 
Changg 1974} and m a ltose  and m e liz ito s e  have been shown to  be compatibly 
in h ib i t o r s  o f  d e x tra n su c ra se  from  S .sa n g u is  804 [Newbrun e t  a l»  1974}.ftoiffÆrr\:iïtiaAtAivsj/W4î(t»«j • " *
Newbï'un et  a l  [1974} a ls o  showed fiu c to sO g  g lucose , r a f f in o s e  and s tachyose  
to  be non-’G o m p e titive  in h ib i t o r s .
2 * 4 -  d in it ro p h e n o l and sodium a z id e  d id  n o t i n h i b i t  g row th  o f  L a c to b a c il lu s  
œ s e i 32 l-{“ b u t th e y  d id  i n h i b i t  d e x tra n  fo rm a tio n . S im u lta n e o u s ly ,
l a c t i c  a c id  p ro d u c tio n  by the  organ ism  v/as in c rea sed  by 20^4 and i t  was 
p o s tu la te d  th a t  d e x tra n  w^s uncoupled from  the  fc m ia t io n  mechanism and th a t  
the  sucrose  was then m e ta b o lise d  v / ith  re le a s e  o f  a c id  (Hammond, 1969},
Sodium dodecy l s u lp h a te  in h ib i t s  dex transucrase  (D a r t e t  a l ,  1974} as do» ersKSCTC’WTTî'Svi * ^
o th e r  io n ic  d e te rg e n ts  (J a b lo n s k i and H ayash i, 1970}« T h is  i s  p ro b a b ly  
due to  the  d is s o c ia t io n  o f  th e  enzyme in to  s e v e ra l e n z y m ic a lly  in a c t iv e  
s u b u n its  (D s irt e t  a l ,  1974} o r ,  a t  h ig h e r  c o n c e n tra t io n s , to  th e  d é n a tu ra tio n  
o f  th e  enzyme by a d e te rg e n t.
1=4,,2, Optimum c o n d it io n s  o f  d e x tra n  p ro d u c tio n .
( i )  pH. The pH optimum o f  d e x tra n su cm se  produced by Leuc.m esen te ro ides 
and L a c to b a c il lu s  sp e c ie s  i s  u s u a lly  f a i r l y  w e ll d e fin e d  and l i e s  in  the  
re g io n  o f  5 0 -  5 5 (E b e r t and Schenk, 1968, Gibbons and Nygaard, 1968}, 
However, dex tranau crase s  produced by S 'b reptococci have a much voider pH 
o p tim a . They u s u a lly  ro ta i.n  most o f  t h e i r  a c t i v i t y  o v e r the  pH range 5 -  8 
(G ibbons and Nygeardg 1968, B a l l l o t  and Chang, 1974, Guggenheim and Newbnin,
1969) o f te n  have a ® shoulder'^ a t  pH S -  S and a peak in  the  re g io n  o f
4 i
pH 7 -  0 (G ibbons and Nygaard, 1968, Guggenheim and Nev^briin, 1969).
As e x p la in e d  in  SGcbion 1 .3 ,3  the  enzyme p ro p e r t ie s  v a ry  w ith  the  organism  
o f  o r ig in  and the  grow th c o n d it io n s  used. C e ll-a s s o c ia te d  enzyme has a ls o  
been shown to  d i f f e r  from  th a t  o f  the  e x t r a c e l lu la r  enzyme o f  th e  same 
organism  (G ibbons and Nygaard, 1968),
( i i )  Temperatui'gfj. Here a ls o ,  the  enzyme produced by p laque s tre p to c o c c i 
has a wj.der tcjler'cince than  those  produced by o t i ie r  o rgan ism s, l,.euc, 
m esentero ides dex transucrase  has an optimum in  the  re g io n  o f  (Dunnican 
and S ee ley, 1963~ E b e rt and Schenk, 1968), whereas th a t  o f  s t re p to c o c c i i s  
more t o le r a n t ,  r ’em ain ing a c t iv e  in  the  re g io n  30-SO'^C (Guggenheim and Newbruii; 
l'969g C h lu d z in s k i e t  a l .  1974, C a rlssan  e t  a l -  1969),V fACUittfflrxcjwrsTna » * cwarwrytoîia-.Ta • ^
The presence o f  ca rboh yd ra te  co n ta m in a tin g  the  enzyme p re p a ra t io n  appears 
to  c o n fe r  g re a te r  tem pera tu re  s t a b i l i t y  upon i t  (Long, 1971),
( i i i )  Sucrose concentra in .on . P laque s tre p to co cm . tend to  produce optimum 
amounts o f  d e x tra n  a t  h ig h e r  sucrose c o n c e n tra tio n s  than o th e r  b a c te r ia  and 
the  amount o f  d e x tra n  produced c o n tin u e s  to  in c re a s e  v /ith  th e  sucrose con­
c e n tra t io n  o ve r a lo n g e r  p e r io d . The optimum u s u a lly  l i e s  m .th in  5-10% 
sucrose (C ybulska and P aku la , 1963, Dunnican and S ee ley , 1965) comparad w ith  
2 0̂ f o r  LeuCf m esente ro ides,
1 ,4 ,3  Enzyme p ro d u c tio n  p a t te rn s .  Very l i t t l e  i s  known abou t the  p ro d u c tio n  
o f  dex transucrase  in  p laque and most work has been ca rri-e d  o u t on pure c u ltu re ;  
o f  p laque b a c te r ia ,  Hov/ever, as has a lre a d y  been m entioned, c o n d it io n s  o f  
p ro d u c tio n  o f  the  organism  v a ry  so w id e ly^  i t  i s  d i f f i c u l t  to  make com parisons 
(S e c tio n  1 .3 ,3 ) ,
T il8 enzyme i s  g e n e ra lly  produced r ig h t  th rough  the  grov/th o f  th e  c u ltu re  b u t 
reaches a maximum d u r in g  s ta t io n a r y  phase (C a rlsson  1969, Long, 1971) .
when a l l  g lucose  has been u t i l i s e d .
I t  i s  p o s s ib le  th a t  more than  one dex transucrase  may be produced as d i f f e r e n t  
p ra p a ra t io n s  o f  enzyme from  one organism  produce d e x tra n s  w ith  d i f f e r e n t  
p ro p e r t ie s ,  e . g , g the  e x t r a c e l lu la r  enzyme o f  a p la q u e -fo rm in g  bacteri-um
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produced by Gî.bbons and Nygeiard (1S6S) when in cuba ted  w ith  sucrose a t  
pH S produced a d e x tra n  which was >90% wa t o r - i  nsolu  b io . The same enzyme 
p re p a ra t io n  when in cu b a te d  a t  pH 5 6 w ith  sucrose produced d e x tra n  which
was w a te ra in s o lu b le . C e ll a s s o c ia te d  enzyme from  the  same organism  
produced 9D%o in s o lu b le  d e x tra n  o v e r th e  pH range 5 8 . The l a t t e r  p re ­
p a ra t io n  had a pH optimum a t  T H  w h ile  the  fo rm e r e x h ib ite d  a s h o u ld e r a t  
pH 5 6 and a peak a t  pH 6 *0 . S im i la r  examples have been re p o rte d  by
o th e r  w orkers [ Ceska e t  a l ,  197s)«
I t  has a ls o  been observed th a t  in  dex transucrase  p ro d u c tio n  by Leuc, 
rnesentaro ldes (S m ith , 197 0 -71 }, 8 . bo v is  (Gold e t  a l ,  1973} and by S.mutans
V w -< c  !3rjrrîx.'vT'ttivn ^  *  ci-4j’*CUCaJyvSrsi#T«*wR*>l
SL-1 (De Leon e t  a l»  1974)» a s o lu b le  d e x tra n  i s  produced f i r s t  and t h is  
appears to  a c t  as a p re c u rs o r  to  th e  fo m ia t io n  o f  in s o lu b le  d e x tra n .
1 .4 .4  P u r i f ic a t io n  o f  D ex transu crase , I n  re c e n t m onths= many in v e s t ig a to r s  
have a ttem pted  pur i . f i c a t io n  o f  d e x transucrase  from o r a l s t re p to c o c c i b u t 
most have ach ieved  o n ly  l im i te d  success. V/ithi the  excep tiion  o f  one group 
(F uku i c t^a l^ , 1974), th e y  have n o t succeeded in  p u r i f y in g  the  enzyme to  
hom ogeneity and F uku i e t  a l  (1974) o n ly  achieved t h is  w ith  one o f  two 
d i s t i n c t  e n z y m ic a lly  a c t iv e  components produced by S ,mutons HS-6. The 
techn iques  employed in  the  p u r i f ic a t io n  o f  the  enzyme are  l i s t e d  belo'w v i t h  
a d is c u s s io n  o f  the  problem s encounte red .
In  these  s tu d ie s  the  organ ism s used produced dex transucrase  as a c o n s t i t u t iv e , 
e x t r a c e l lu la r  enzyme \ i i i c h  s im p l i f ie d  the  procedure c o n s id e ra b ly  as the  c e l ls
cou ld  be c e n tr ifu g e d  down and t l ie  c u ltu re  su pe rn a ta n t used as th e  crudd
enzyme p re p a ra t io n  (C h lu d z in s k i e t  a l»  1974, C arlsson e t  a l«  1969, F uku i 
e t  a l ,  1974» Osborne e t  a l .  1973, P i t t s  and K eele , 1973» Guggenheim and
•SLAtoFrarC5u-J*l\!^ *  fKwtVlBZSW CD* *  #  ÿ
Newbrun, 1969). As m entioned e a r l i e r  (S e c tio n  1 ,4 )  some o f  these  organ ism s 
a re  known to  produce a s m a ll p ro p o r t io n  o f  the  enzyme in t r a c e 11u la r l y  o r  
in  c o ll-b o u n d  form  (Sharma e t  a l ,  1974, G ibbons, lS ô 9 j b u t few s tu d ie s  have 
been Cïsrriîed o u t on these enzymes. F o r in c lu s io n  o f  i n t r a c e l lu l a r  enzyme, 
i t  would be npacessary to  d is ra p t  th e  c e l ls ,  u s u a lly  by s o n ic a t io r i j  to  re le a s e
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the  enzyme (G ibbons, 1969, Gibbons and Nygaardj 1968) vvttich would le ad  
to  the  ro lo a s e  o f  many o th e r  c e l l  components in to  the  s u p e rn a ta n t to  
con tam ina te  i t  and f u r t h e r  co m p lica te  th e  p u r i f ic a t io n  p roced u re . Some 
o f  those  enzymes may be re le a s e d  upon the  dead and subsequent l y s i s  o f  c e l ls  
in  ba tch  c u ltu re .
The c o n s t i t u t iv e  n a tu re  o f  th e  enzyme p rec lu des  the  n e c e s s ity  to  add sucrose 
to  the  b a c te r ia l  c u l tu r e .  The sucrose would be conve rted  to  d e x tra n  w tiich 
b in d s  ve ry  s t ro n g ly  to  the  enzyme. I t  i s  e x tre m e ly  d i f f i c u l t  to  remove a l l  
the  ca rboh yd ra te  from  the  enzyme p re p a ra t io n  and t h is  has proved to  be a 
problem  w ith  the  p u r i f ic a t io n  o f  d e x transucrase  from  o th e r  organ ism s, e « g ,, 
Leuconostnc fB ro ck -N e e ly  and N o tt .  1962),
The presence o f  o th e r  e x t r a c e l lu la r ,  c o n s t i tu t iv e  enzymes which u t i l i s e  
sucrose as s u b s tra te  has a ls o  proved to  be a problem  in  tf'ie p u r i f ic a t io n  
o f  s tre p to c o c c a l d e x tra n su c ra se . These enzymes -  levansue rase  and in ve rtd .se  
in te r f e r e  w ith  dex transucrase  assays and have proved to  be d i f f i c u l t  to  
sepa ra te  (F u ku i e t  a l -  1974, Osborne e t  a l .  1974), These enzymes a re  known 
to  be produced by njost d s x tra n -p ro d u c in g  s t re p to c o c c i w ith  the  e x c e p tio n  
o f  Scsanm :is ( Osborne e t  a l ,  1974, C a rlsso n , 1970),
“In  most cases, the  f i r s t  s te p  in  the  p u r i f ic a t io n  o f  d e x transucrase  in v o lv e s  
p r e c ip i t a t io n  w ith  (NH^) SO^ o r  acetone o r  a d s o rp tio n  on to  h yd ro xy la  p a t i  t e ,
( i )  P r e c ip i ta t io n  w ith  (N tL ) SO* o r  ace tone . T h is  i s  a le n g th y  and la b o r io u s  
p rocedure  fo llo w e d  by a le n g th y  d ia ly s is  s te p  to  remove a l l  the  s a l t  from  
the  e n z y m ic a lly  a c t iv e  f r a c t io n  (Osborne e t _ a l, 1973, B a l l i e t  and Chang,1974), 
I t  p ro b a b ly  le a d s  to  the  lo s s  o f  a la rg e  p ro p o r t io n  o f ' the  enzyme due to  the  
le n g th  o f  tim e  i t  i s  s to re d  a t  4^0 and t iie  amount o f  h a n d lin g  i t  re c e iv e s  
( C a rlsson  e t  a l , 1969), However g le vansucrase  a c tiva , t y  may be ramoved a t  
t h is  stage (C h lu d z in s k i e t  a l ,  1974),
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[ i l )  A d s o rp tio n  on to  h y d ro x y la p a tito «  In  t h is  p rocedure  a s lu r i y  o f  
I 'ly d ro x y la p a t ite  in  b u f fe r  o f  low  io n ic  s tre n g th  and a pH o f  6>8 i s  added 
d i r e c t ly  to  the  c x iltu re  su p o rn a te n t (C a rlsso n  e t  a l ,  1969, Guggenheim and 
Newbrun, 1969), A c id ic  and n e u tra il p ro te in s  b ind  to  the  ca lc ium  o f  
h y d ro x y la p a t itc  and b a s ic  p ro te in s  combine w ith  the  phosphate graups 
(B e rn a rd ! e t  a l y 1972) « Ttie hydroxy la p a  t i  te  can then  be c e n tr ifu g e d  dov/n 
and the  su p e rn a ta n t d is c a rd e d . However, the  io n ic  s tre n g th  o f  the  medium 
may be s u f f i c ie n t l y  h ig h  to  p re v e n t a d s o rp tio n  o f  a l l  the  enzyme, in  which 
case d ia ly s is  a g a in s t  th e  e q u i l ib r a t in g  b u f fe r  may be a necessary f i r s t  s te p . 
The enzyme i s  then e lu te d  from  the  hydT O xy lapa tilte  w ith  a m o la r i ty  g ra d ie n t  
u s in g  sodium o r  po tassium  phosphate b u f fe r .  The phosphate comipetes w ith  
th e  a c id ic  p ro te in s  f o r  the  ca lc ium  and the  sodium o r  pota.ssium competes 
w ith  the  basic, p ro te in s  f o r  phosphate (Bem a rd i e t  a l y 1972) „ Sodium 
phosphcite b u f fe rs  o f  th e  m o la r i ty  re q u ire d  f o r  e lu t io n  o f  dex tra n su c ra se  
(approx* G‘ 5H) tend  to  c r y s t a l l i s e  o u t a t  4^G and th e  po tassium  s a l t  must 
be used in  i t s  p lace*
The enzyme i s  e lu te d  o v e r a f a i r l y  w ide phosphate concen trva tion  range b u t 
a la rg e  amount o f  c o n ta m in a tin g  p ro te in  i s  removed (Carl.sson e t  el» 1969).
A ba tch  process has been used w h ich i s  f a i r l y  la b o r io u s  b u t column ch rom a tc - 
graphy would g iv e  f i n e r  c o n t r o l o f  the  b u f fe r  c o n c e n tra t io n  and in v o lv e s  
s m a lle r  volumes o f  l i q u id .  However, I ly d ro x y la p a t ite  can p re s e n t d i f f i c u l t i e s  
in  m a in ta in in g  the f lo w  ra te  as i t  i s  an e x tre m e ly  f in e  powder which packs 
down f i r m ly .
A g a in , enzyme lo s s e s  may o c c u r th rough  repea ted  h a n d lin g  and le n g th y  s to ra g e  
a t  4°G (C a rlsso n  e t  a l , 1969)*
( i i i )  I s o e le c t r ic  fo cu ss in g ^  T h is  p rocedure  has been v a d e ly  used in  the  
p u r i f ic a t io n  o f  d e x tra n su c ra se  (C h lu d z in s k i e t  a l .  1974. C a rlsson  e t  a l . ̂ «latwOTFL’ïar.rt.’ï’ï»*' •
1969, Newbrarij 1971, Guggenheim and Newbrun, 1969} b u t has s e v e ra l a t te n d a n t 
piT-fblemSc D e n s ity  g ra d ie n ts  u s in g  sucrcise cannot be used as the  enzyme
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c o n v e rts  i t  to  d e x tra n  and, as g ly c e ro l in h ib i t s  dex transucrase  (S e c tio n  1«4„ 
l . i v ] g i t s  use makes i t  necessary to  c a r ry  o u t a ve ry  c a re fu l d ia ly s is  s tep  
b e fo re  the  enzyme a c t i v i t y  can be assayed (C h lu d z in s k i 1974). The
enzyme was, in  some cases, seen to  p r e c ip i ta te  o u t d u r in g  is o e le c t r ic  fo c u s ­
s in g  b u t t h is  c o u ld  be p reven ted  to  some e x te n t by th e  a d d it io n  o f  2M urea
o r  10 GGM g ly c in e  to  the  enzyme p re p a ra t io n  (C arlsson  ct^aj^p 1974), A 
co n s id e ra b le  amount o f  the  enzyme a c t i v i t y  a p p lie d  to  the  column was lo s t
(C a rlsso n  iiiL T ils  1969, C h lu d z in s k i e t  a l ,  1974), T h is  may have been due
to  the  s e p a ra tio n  o f  the  enzyme in to  many e n z y m ic a lly  a c t iv e  f r a c t io n s ,  some 
o f  which were to o  s m a ll to  be re cove red , C h lu d z in s k i e t  a l  (1974) o b ta in e d  
a t  le a s t  ten  bands o f  enzyme a c t i v i t y  on p o lya c ry la m id e  g e l e le c tro p h o re s is  
o f  th e  p ro te in  elutesd from  hydroxy lz ipa  t i  te  chrom atography b u t recovered  o n ly  
fo u r  bands a f t e r  the  p ro te in  frarn h y d ro x y la p a t ite  chrom atography had under­
gone is o e le c t r ic  fo c u s s in g . C a rlssan  e t  a l  (1959) a ls o  observed p r e c ip i -  
t e t io n  o f  e n z y m ic a lly  a c t iv e  p ro te in  from  a S ,sangu is  dex transucrase  p re — 
p a ra t io n  upon d ia ly s is .
In  most cases, th re e  o r  fo u r  d i s t i n c t  bands o f  enzyme a c t i v i t y  a re  d is c e rn ­
ab le  from  dex transucrase  p re p a ra t io n s  a f t e r  is o e le c t r ic  fo c u s s in g  (C a rlssa n  
ujLÆilf 1969f C h lu d z in s k i e t  a l ,  1974, Osborne e t  a l .  1974) b u t as many as 
seven have been re p o rte d  fram  p re p a ra t io n s  o f  S.mutens dex transucrase  
(Guggenheim and Newbrun, 1959).
( i v )  Chr'omatugraphy on d e x tra n  g e ls .  T h is  techn ique  has been used in
'  ■ <ift‘ rtvr.iFr4,*A't^"-»i'avui.««;yictr^tf£^rsAlxkcXi-aiu»'M:5,XT:i?’î t ï ‘aaKrs*i£?fe.srBnh*'$My»a4ftSAria"issz*6a
a tte m p ts  to  sepa ra te  d e x transuc rase  on the  bas is  o f  i t s  m o le c u la r w e igh t 
(Long, 1971, P i t t s  and K ee le , 1973), However, dex transucrase  b in d s  ve ry  
s t ro n g ly  to  d e x tra n  and some enzyme may be lo s t  in  t h is  way* The enzyme 
can a ls o  be contam inated by d e x tra n  v/nich i s  e x tre m e ly  d i f f i c u l t  to  remove 
(Long, 1971),
(v )  Chromatograph\/ on D E A E -ce llu lose . T h is  techn ioue  has a ls o  praved to  
be u s e fu l in  d e x transucrase  p u r i f ic a t io n  (P i t t s  and KbgI g , 1973, Fuku i
e t  a l j  1974) p a r t ic u la r ly  from  S.mutans c u ltu re s  as F uku i e t  a l  (1974)
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were a b le  to  use i t  to  sepa ra te  dex transucrase  from in v e r ta s e *
( v i )  Sodium dodocyl s u lp h a te  qo l c lec trophcyres isa  T h is  method was used
by F uku i e t  a l  f l9 7 4 )  to  de te rm ine  the  m o le cu la r v^eight o f  the  dex transucrase» Trrrj5.e?3mnciyrji \ J w
f r a c t io n  they p u r i f ie d  b u t D a rt e t  a l  (19741 found th a t  two dex transucrase  
p re p a ra t io n s  o f  d i f f e r e n t  i s o e le c t r ic  p o in ts  d is s o c ia te d 'in to  s ix  s u b u n its  
each which d id  n o t possess enzym ic a c t i v i t y .  The m o le c u la r w e ig h t o f  the
enzyme p u r i f ie d  by F uku i e t  a l  (1974) was 170,000. Thus the  s m a ll enzyme
may o n ly  c o n s is t  o f  one s u b -u n it  v d iile  the  la rg e r  enzymes c o n s is t in g  o f  
s ix  s u b -u n its  may lo s e  t h e i r  a c t i v i t y  on d is s o c ia t io n  because the  a c t iv e  
s i t e  i s  des troyed  by t h is  p rocess .
la 4 .5  The A c tiv e  s i t e  o f  -Drx tra n a u e ra se . The o n ly  re p o r te d  s tu d ie s  on
the  a c t iv e  s i t e  o f  d e x transucrase  have bean conducted an p a r t i a l l y  p u r i f ie d  
enzyme from  sangu is  804 (C a rlsso n  e t  a l ,  1969) by Callaham and H e itz  ( l9 7 2 ) .aïavrtxu.̂Mœa4nJLTîU=s5̂.«j  ̂ " j  >f V /
Rose bengal g a ha logenated  f lu o re s c e in  dye im p lic a te d  in  the  p h o to -o x id a t io n  
o f  try p to p h a n  and h is t id in e  was in c u b a te d  w ith  dex transucrase  under i l lu m in a ­
t io n .  P h o to -o x id a tio n  o f  the  enzyme o c c u rre d .b u t the  presence o f  d e x tra n  
p ro te c te d  the  d e x tra n su c ra se . E osin  y e llo w is h  combined vd th  th e  enzyiis i n  
c o m p e tit io n  w ith  sucrose and i t  was suggested th a t  th e  s i t e  o f  p h o to -o x id a t io n  
was in  c lo se  p ro x im ity  to  th e  s u b s tra te  and a cc e p to r b in d in g  s i t e s .  More
re c e n t work has suggested the  presence o f  £i tryp to p h a n  re s id u e  in  the  a c t iv e
s i t e  o f  the  enzyme (Callaham  and H e itz ,  1974) as the  c o n d it io n s  under which 
p h o to -o x id a t io n  occu rs  a re  v a ry  s im i la r  to  'those o f  try p to p h a n  o x id a t io n ,  
N -b ro rnosucc in im ide j v;hich d e s tro y s  the  in d o le  r in g  o f  try p to p h a n , and 
h y d ro x y -5 -n it ra b e n z y l brom ide which i s  a ls o  s e le c t iv e  f o r  try p to p h a n  b o tli 
i n h i b i t  dex tra n su c ra se , 
le  5 Plaoue eco logy .
The fo m ia t io n  and developm ent o f  d e n ta l p laque has been d e s c rib e d  (S e c tio n  1. 
2 )0  An unde rs ten d ii'ig  o f  the  r o le  o f  each plaque c o n s t itu e n t  in  th e  o v e r a l l  
ecology' o f  p laque i s  necessary to  understand  the prxicesses which le ad  to  the  
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As i t  i s  the  a c id  produced by p laque ba c tn rJu  which causes the  i n i t i a l  
breach o f  th«  c r a r o l s u r fa c e , j  t  i s  the p rrC u c tin e  o f  i j io  a c id  by b':'td-oria 
and th e  r e te n t io n  o f  i t  v / i th in  p laque which i s  o f  prim e inipoz"tance, 
lo  Sc 1 A c id  p rn d u c tin n . Many o f  the  b a c te r ia  is o la te d  from  nl.aaue have 
been examined f a r  t h e i r  a b i l i t y  to  produce a c id  and the^y- licivo been found 
to  produce copioL'S amounts fro ii) a wide v a r ie ty  o f  sugars (Muhlcrnann cuid 
Do Beover, 1970, S tephan, 1938, C a rlsso n , 196a)« In  the  p?\eSRncG o f  
d ie ta r y  sugs i's , th e re fo re ,  one would expec t the  pH o f  p laque to  f a l l  ve ry  
q u ic k ly »  He co ve r, i f  the  b a c te r ia  were n o t h ig h ly  a c id u i- ic ,  the  low p'--'
would r a p id ly  k i l l  them and t h e i r  a b i . l i t y  to  induce  c a r ie s  would cease.
P laque h a c t’c r ia  tend  to  be h ig h ly  a c id u r ic  and some can c o n tin u e  to  prcduce 
a c id  a t  pH va lu e s  as low  as (K rasse , 1970, Stephen and Hammens, 19/17j .
These b a c te r ia ,  p re d o m in a n tly  la c - t o b a c i l l i  ( S t r a l f o r s ,  1948] a re  th e re fo re  
v e ry  im p o r ta n t in  the  c a r io u s  p rocess. Most o f these s tu d ie s  an the  a c id -  
p ro d u c in g  a b i l i t y  o f  p laque organism s have been conducted on pure  c u ltu re s  
o f  th e  t e s t  organism  grown i n  suga r b ro th s *
An a d d it iv e  e f fe c t  has been ohsew ed when la c t o b a c i l l i  e r r  grown w ith  
b a c te r ia  which do n o t n o rm a lly  produce a low pH (Stephan and HemmenSj 1947 ]. 
The b a c te r ia  in  d e n ta l p laque a re  p re s e n t in  ve ry  h ig h  numbers ( la n z e r  e t  a l ,  
1969) g row th  i s  s l i g h t  (Tanzer 1969), th e  n u t r ie n ts  a rc  c o n tin u o u s ly
be ing  re p la ce d  and one would expe c t the  a c id  produced to  be d i lu te d  by o r a l 
f lu id s  and washed away* I t  i s ,  th e re fo re , q u e s tio n a b le  os to  w hether i t  i s  
v a l id  to  compara the  a c id  p ro d u c tio n  o f  pura c u ltu re s  o f  r a p id ly  gr-ov.dng 
b a c te r ia  in  batch c u ltu re ^  wheira the  b a c te r ia l  numbers a re  r e la t iv e ly  lov/, 
n u t r ie n t  i s  l im i te d  and the  a c id  i s  n o t removed, v / ith  a c id  p ro d u c tio n  in  
p laque* S tu d ie s  o f  a c id  p ro d u c tio n  in  u n d is tu rb e d  p laque have been e x tre m e ly  
d i f f i c u l t »  In t r o d u c t io n  o f  an e le c tro d e  in to  p laque n e c e s s a r ily  d is tu rb s  
i t  and Ccius.es changes w ith in  the  ®micrc*-Gnvi.ronment® and, u n t i l  r e c e n t ly ,  
i t  was d i f f i c u l t  to  produce a pH e le c tro d e  s m a ll enough to  measure t lie  pH
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w ith in  a t h in  la y e r  o f  p laque* In c o rp o ra t io n  o f  an o le c tro d o  in to  a 
p r o s th e t ic  d ev ice  to  be worn in  th e  mouth which c o n t in u a l ly  m o n ito rs  the  
pH and tra n s m its  the  measurements by ra d io te le m e try  a ls o  has oroblem s*
Plaque which fo ra s  o ve r a p ro s th e t ic  d e v ice  o r  o v e r th e  pH e le c tro d e  cannot 
be e x a c t ly  the  same as th a t  which form s on an enamel s u r fa c e  (S e c tio n  l * 2 « 2 i i i ] .  
A ttem p ts  to  sepa ra te  th e  e le c tro d e  from  p laque by an u l t r a  t h in  la y e r  o f  
enamel would s o lv e  the  problem  b u t have met w ith  g re a t  te c h n ic a l d i f f i c u l t i e s , ,  
S tu d ie s  on pH changes o f  p laque in  the  presence o f  v a r io u s  sugars and foods  
have shown th a t  the  pH f a l l s  v e ry  rap id3.y (w â th in  3 m inu tes ) to  va lu e s  as low  
as pH 4 and rem ains low  f o r  up to  40 m inu tes b e fo re  g ra d u a lly  r e tu rn in g  to  
i t s  i n i t i a l  le v e l  (Oe Soever and Muhlcmann, 1969)„ Thus, i t  seems, th a t  the  
a c id  b u ild s  up f o r  a s h o r t  w h ile  and then i s  g ra d u a lly  u t i l i s e d  o r  d isp e rse s* 
This b u ild -u p  o f  a c id  i s  b e lie v e d  to  be due to  a d i f f u s io n  b a r r ie r  c re a te d  
by th e  n ia trâx  rna te râ a l o f  p laque , p re d o m in a n tly  the  d e x tra n * G ra d u a lly  t!ie  
a c id  p e n e tra te s  th e  b a r r ie r  b u t d i f f u s io n  i s  c o n s id e ra b ly  slowed*
I t  i s  th o u g h t th a t  the  h ig h ly  branched s tru c tx ife  o f  d e x tra n  may t ra p  the  s m a ll 
a c id  m o lecu les w ith in  i t ,  perhaps in  a s im i la r  way to  th a t  used in  s e p a ra tin g  
m ix tu re s  o f  components o f  d i f f e r e n t  m o le c u la r v /e igh ts  in  g e l f i l t r a t i o n  columns, 
The presence o f  c iia rged groups w ith in  d e x tra n  may a ls o  r e ta rd  th e  d is p e rs io n  
o f  a c id  (S e c tio n  1 * 3 .5 ) ,
Thus p o o ls  o f  a c id  b u i ld  up o v e r s h o r t  p e r io d s  in  c lo s e  p ro x im ity  to  the
to o th  s u rfa c e  g a l lo w in g  the  i n i t i a l  dem ine ra3 .isa tion  o f  enamel to  o ccu r.
In  the  absence o f  d ie ta r y  suga rs , th e  bacteid.a m e ta b o lise  s to ra g e  p o ly ­
sa cch a rid e s  which a re  produced d u r in g  p e r io d s  o f  h ig h  suga r c o n c e n tra t io n  
( G r i t  oh le y  a t^ j^ l,  1967). These po lysacche irides  a re  o f  two typ e s  in t r a ­
c e l lu la r ,  g ly c o g e n - l ik e  p o ly s a c c h a rid e  and the  e x t r a c e l lu la r  l e van.
These, to o , a re  m e ta b o lise d  v /ith  th e  re le a s e  o f  a c id  so t h a t  a c id  p ro d u c tio n
i s  co n tin u e d  even in  the  absence o f  fo o d . Hov/ever, in  tu b e - fe d  a n im a ls  in
which the  p laque b a c te r ia  r e ly  e n t i r e ly  on s to re d  p o ly s a c c h a rid e , c a r ie s
I
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in c id e n c e  i s  law  (Bowen and C o rn ic k , 1970]» Howevor, i t  ran bo argued 
th a t ,  in  th e  absence o f  fo o d , the  s to ra g e  p o ly sa cch a rid e  cannot he 
re p le n is h e d  and the  r o le  o f  s to ra g e  p o lysa cch a rid e s  in  n o ra a l p laque cannot 
be a s c e rta in e d *  A p o s i t iv e  coî’r e la t io n  has been dem onstrated between the  
number o f  in t r a c e l lu la r  p o ly s a c c h a rid e  p rodu c ing  b a c te r ia  and c a r ie s  
in c id e n c e  (G ibbons, 1968, Saxton, 1969]* Levan has a v e ïy  ra p id  te rn o v e r  
in  p laque (H ig u c h i e t_ a l ,  1970]« I t  c o n s t itu te s  a p p ro x im a te ly  1% o f  the  
d ry  w e ig h t o f  res ting®  p laque b u t can in c re a s e  by as much as 300% a f t e r  a 
suorase r in s e  (M cD ouga ll, 1 9 6 4 ]« Da Costa and Gibbons (1968] found th a t  
37% o f  p3.aque b a c te r ia  were capable  o f  h y d ro ly s in g  le v a n . Levansucrase 
i s  v e ry  d i f f i c u l t  to  fseparate from  the  c e l l  which produces i t  and a tte m p ts  
to  s o lu b i l is e  i t  have had l i t t l e  success (Sharma e t  a l , 1973, Gibbons and 
Nygaard j 1968}. However, an e c o lo g ic a l advantage i s  gd.ven to  c e l ls  a b le  
to  su rround  them selves w ith  a s to re  o f  le va ri and re le a s e  o f  the  enzyme in to  
th e  env ironm ent would g iv e  t h is  advantage to  e th e r  b a c te r ia ,  in c re a s in g  the  
c o m p é tit io n *
l e 5c2 L im ita t io n  o f  grow th* T}ie h ig h  c o n c e n tra tio n  o f  b a c te r ia  in  p laque 
must compete f o r  space and food  s u p p lie s  and evidence suggests  th a t  i t  i s  
l im itc - it io n  o f  space and n o t food  s u p p lie s  which l im i t s  the  grow th (C a rlsso n  
and Johansson, 1973}« C e lls  which a re  coated in  d e x tra n  do n o t grow as
r a p id ly  as uncoated c e l ls  (Tanzer e t  a l , 1969] which may be due to  the  
l im i t a t i o n  o f  d i f f u s io n  o f  substances to  and from  th e  c e l l  by the  dex tran* 
A n ta g o n is t ic  e f fe c ts  have been dem onstrated between p laque b a c te r ia  
(B a r te ls ,  1933, N ine 1935-36, C lough, 1934, G e ld in g , 1948, K rasse, 1970 ], 
F o r examplep S .sanq u is  has re c e n t ly  been shown to  produce hydrogen p e ro x id e , 
in  the  presence o f  even m inu te  t ra c e s  o f  oxygen (Rosan and E isonbe rg , 1973]* 
T h is  substance l im i t s  the  grow th o f  many b a c te r ia , in c lu d in g  S.mutens 
(Holmberg and H a lla n d e r, 19 7 3 ]» As l i t t l e  as 0'»^/^ ( v /v ]  hydrogen p e ro x id e
has been shown to  i n h i b i t  g row th  o f  S u ru tn ;is  I n g b r i t t  (Donoghue, 1974]
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b u t b a c te r ia  which produce ca ta  la  se Me:i sseH a  [T c iy lo r  and Juni» 1961]
can break dcrvn the  hydrogen p e ro x id e  and re n d e r i t  harm less* T h is  mechanism 
may be o f  g re a t im portance  to  S *sangu is  in  th e  i n i t i a l  c o lo n is a t io n  o f  the  
to o th ,  a llo v / in g  i t  to  s low  down the  c o lo n is a t io n  o f  the  to o th  by o th e r  
b a c te r ia .  A p p ro x im a te ly  SS% o f  the  a e ro b ic  s tre p to c o c c i o f  ®young plaque®
(3 -  7 days o ld )  a re  ® sangu is -llke®  (C a rlsso n , 1965] b u t as p laque b u ild s  
up c o n d it io n s  become a n a e ro b ic  and the  p ro p o r t io n  o f  s t re p to c o c c i d e c lin e s  
(E g e lb c rg , 1971]*
Thus i t  can bo seen th a t  p laque i s  a v e ry  complex m ix tu re  o f  components 
which a re  in te r - r e la te d  in  an in t r ic a t e ^  fine ly»<balancod community. The 
c o n d it io n s  p re v a le n t in  a p a r t ic u la r  area o f  p laque may be q u ite  d i f f e r e n t  
from  a n o th e r a rea  b u t th e  v a r ia b le s  m .th in  the  m icro-en\d .ronm ent and between 
m icro-envdronm ents a re  in te r - r e la t e d  and a l te r a t io n s  w i th in  any s e c t io n  cou ld  
cause p ro found  changes w i th in  th e  p laque .
1* 6 C nnc lu s lc  ns „
D e n ta l p la  quo i s  an e x tre m e ly  complex rnijHxire o f  components which b u i ld  up 
upon the  to o th  s u r fa c e , i n i t i a t i n g  w ith  the  p r e c ip i ta t io J i  and a d s o rp tio n  o f  
p ro te in s  and b a c te r ia  on to  th e  charged enamel su rfa ce * The b a c te r ia  p ro«
11 fe ra  te  and m e ta b o lis e  m a te r ia ls  in  th e  p laque and o r a l f lu id s , ,  s u rro u n d in g  
them selves v rith  a ca rb o h yd ra te  m a tr ix  o f  dextra.n , le va n  and h e te ro p o ly -- 
saccharidese The d e p o s it io n  o f  substances and p ro d u c tio n  o f  .m a tr ix  m a te r ia l 
co n tin u e s  and rn e te b o lic  a c id s  g ra d u a lly  accum ula te , tra p p e d  w i th in  th e  dense 
p laque m a te r ia l.
D extran  appears to  p la y  an im p o r ta n t r a le  in  the  fo rm a tio n  and developm ent 
o f  d e n ta l p laque and in  m a in ta in in g  i t s  in t e g r i t y .  I t  may a ls o  a s s is t  in  
the  tra n -s fe r  o f  io n s  from  th e  env ironm ent to  the bactG ri.a , a l lo w in g  d i f f u s io n  
o f  s m a ll m o le c u la r w e ig h t uncharged m n le o jle s  such as sugars  and de Jo y in g  the  
d is p e rs io n  o f  chaï'ged m o lecu les  such as b a c te r ia l  ac ids,, Large m o lecu les  
such as b a c te r ia l  enzymes may be tra p p e d  in  an a c t iv e  form  w i th in  the  d e x tra n , 
The b u ild -u p  o f  a c id ,  v d th in  th e  p laque  le ads  tg  the  i n i t i a t i o n  o f  c a r ie s .
Thus d e x tra n  p la y s  an im p o r ta n t r o le  i n  th e  processes le a d in g  up to  t l ie  
i n i t i a t i o n  o f  c a r ie s  and i t s  e l im in a t io n  from  plaque may be an im p o r te n t s tep  
towar'ds the  p re v e n tio n  o f  d e n ta l c a r ie s .  E lim in c it io n  o f  d e x tra n , once 
formed y v/ould be e x tre m e ly  d i f f i c u l t  by chem ica l methods due to  the  problem s 
o f  péné tra  ti.on  o f  th e  dense b a c te r ia l  accumula to. on and the  h ig h ly  branched 
natuz'C o f  the  d e x tra n  m o le c u le . M echan ica l methods, such as to o th -b ru s h in g , 
a rc  p ro b a b ly  th e  b e s t methods known a t  p re se n t b u t t h is  o n ly  removes p a r t  o f  
the  d e p o s it  which r a p id ly  b u i ld s  up a g a in . I t  i s  n o t fe a s ib le  to  b rash t f ie  
te e th  as o f te n  as would be necessary to  p re ve n t c a r ie s .
I t  seems more p la u s ib le  to  p re v e n t d e x tra n  fo ra a tiio n  do novo. IT iis  cou ld  
be done by e l im in a t in g  a l l  sucrose  from  the  d ie t  b u t such measures v/ould 
n e i th e r  be accept/ab le to  the p o p u la t io n  no r would i t  be fe a s ib le  to  o l im in a te  
i t  e n t i r e ly  from  fo o d , Howevcrg p reven ti.on  o f  d e x trn n  s y n th e s is  de novo
4A
by inhibition of dextransucrase may provide the answer to this problem* 
However g dextr'ansucrase production is far more complex than a I first 
appreciated and each dextran-producing organism may produce several 
different d o xtra n su era ses, the pattern differing with the conditions pre­
valent at the time of production. Thus plaque may contain a wide variety 
of dextransucraSGSj each with slightly different properties from the next.
I t  would g th e re fo re  f, be necossary e i th e r  to  d is c o v e r an in h ib i t o r y  substance 
which i s  e f fe c t iv e  a g a in s t a l l  the  daxtransucrases  o r  one which in h ib i t s  the  
enzyme/5 v/hich c o n tr ib u te  most to  p laque fo ra a t io n ,
1 ,7  Aims o f  t h is  s tu d y .
I t  was the  aim o f  t h is  s tu d y  to  in v e s t ig a te  the  p ro d u c tio n  o f  dex transucrase  
by o r a l  b a c te r ia  in  o rd e r  th a t  the  enzyme m igh t e v e n tu a lly  be p u r i f ie d  and 
i t s  p h y s ic a l and b io ch e m ica l p ro p e r t ie s  s tu d ie d . I t  m igh t then be posEdible 
to  i n h i b i t  d e x tra n  p ro d u c tio n  in  th e  hope th a t  such in h ib i t io n ,  in  v iv o ,  
may p re v e n t o r  l i m i t  p laque p ro d u c tio n  and thus s low  o r  s to p  the  c a r io u s  
p rocess.
A co n s id e ra b le  amount o f  work has been c a r r ie d  o u t in  o th e r  la b o ra to r ie s  on 
dex transucrase  p ro d u c tio n  s in ce  the  s t a r t  o f  t h is  s tu d y  [see S e c tio n  1 *4 ,4 )  
and th e  f u l l  com ple>dty o f  th e  problem  haEj g ra d u a lly  emerged.
As d iscussed  e a r l ie r  in  t h is  s e c t io n ,  d i f f e r e n t  organism s produce d i f f e r e n t  
d e x transucrases  and any one organism  may praduce th re e , fo u r  o r  more d i s t i n c t  
p ro te in  components v / ith  d e x transucrase  a c t i v i t y .  The p ro p o r t io n s  o f  the 
enzymes may a ls o  va ry  a c c o rd in g  to  the  c u . ltu ra l cond itTona  o f  the  organ ism . 
There i s  a ls o  evidence to  suggest th a t  the  d ex trans  produced by th e  d i f f e r e n t  
p ro te in  f r a c t io n s  may d i f f e r  s t r u c t u r a l l y ,
Mofat o f  the  v/ork on dex tra n su c ra se  has been conducted on th a t  praduced by 
S, mu tons  p a r t ly  because t h is  oTTjanisrn produces an adhe ren t d e p o s it  in  the  
presence o f  sucrose whereas S ,sang u is  does noiq However, i t  i s  now re c o g - 
n ised  th a t  the  i n a b i l i t y  o f  an orgonism  to  produce a p la q u e - l ik e  d e p o s it  in  
pure c u ltu re  does n o t n e c e s s a r ily  r e f l e c t  an I n a b i l i t y  to  form  p laque in
ÜG
the  presoncB o f  the mixed o r a l f l o r a .
S .mutons was a ls o  chosen because i t  i s  cons ide red  to  be h ig h ly  r a r io g e n ic  
whereas S. sangu is  i s  n o t g e n e i'o lly  cons ide red  to  be m rj,a g o n ic . However,
S. sangu is  makes up a p n ro x im a te lv  55"% o f  a e ro b ic  s t re p to c o c c i in  e a r ly  p laque 
(Cai-'lssorig 196E3) and i t  i s  b e lie v e d  to  be an im p o r ta n t orgemism in  the  
i n i t i a t i o n  o f  donta,l p laque fo rm a tio n *  Recent work suggests th a t  S .s c n ru is  
may bo cai'i.ogenJ.c ( Du any c t  al^, 1973) b u t a g a in , th e  a b i l i t y  o f  an organism  
to  induce  card.es may be a f fe c te d  by th e  presence o f  o th e r  b a c te r ia l  sp e c ie s , 
Scsarrn.iis does n o t producci in v c r ta s e  in  the  absence o f  sucrose o r  levansu erase 
which would c o m p lica te  th e  purd .fica trl.on  procedure and wo:d<: by C a rlsson  e t  a l .  
(1969) SLiggests th a t  p u r i f ic a t io n  o f  the  enzyme i s  r e la t iv e ly  s im p le , p ro ­
d uc ing  o n ly  th re e  sepa ra te  p ro te in  components*
I t  was, th e re fo re »  decided to  examine dextn .insucrase p ro d u c tio n  by G .sanr-u is 
w ith  cl v iew  to  d e te rm in in g  the optî.m al c o n d it io n s  f o r  i t s  p ro d u c tio n  p r io r  
to  a tte m p tin g  i t s  p u r i . f ic a t!o n *  V e iy  l . i t t l e  work has been conducted a long  
these l in e s  and i t  v/as dec ided  to  examine the  p ro d u c tio n  o f  the  enzyme a t  
d i f f e r e n t  pH va lu e s  as t h is  would p ro b a b ly  have a p ro found  e f fe c t  upon the  
a c t i v i t y  o f  the  enzyme*
I t  emerged from  these s tu d ie s ,  th a t  th e  enzyme was produced in  th re e  d i s t i n c t  
phases and i t  was decided to  examine the  de x tra n  produced by the  enzyme a t  
each phase, in  o rd e r  to  dctenriinG  any s t r u c tu r a l  d iffc re n c G s .
I t  was n o t the  in te n t io n  o f  t h is  s tu d y  to de te rm ine  the  e x a c t s t ru c tu r e  o f  
the  d e x tra n  b u t to  h ig h l ig h t  any d if fe re n c e s  which cou ld  be shown between 
the  d e x tra n s  v/hich m igh t in d ic a te  d if fe re n c e s  in  s t ru c tu re  and hencsa in  the  
enzyme a t  each phase<>
The complex na-ture o f  th e  problem  g ra d u a lly  emex'ged and the  work ther'-e fo re , 
took  lo n g e r than expected* I t  was n o t p o s s ib le  in  th e  tim e  a v a i la b le ,  to  
ach ieve  v e ry  much a lo n g  the  l in e s  o f  p u i 'i . f ic a t ie n  o f  the  enzyme* The 
p u r i f ic a t io n  and y ie ld  o f  th e  enzyme were ra th e r  low  b u t expe rience  ga ined 
in  the  p re lim in a ry  expe rim en ts  would p i'obab ly  ensure b e tte r ' r e s u l t s  v.dth 
f  u 1' t ile  r  a ttam p to  *
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2. METHOOS
2 .1  MATERIALS.inr̂ n̂-rani— il
Lam inarin  and N lgeran were o b ta ined  from  K o ch -L igh t L a b o ra to r ie s , 
Colnbrook, Buckingham shire; A m y lopac tin , Glycogen and ct~Amylsse 
were ob ta ined  from Sigma Chemical Company, S t. L o u is , M is s o u r i, 
U .S .A ., and Dextran (T2000) from  Pharmacia F ine Chemicals A .8, 
Uppsala, Sweden. Two p re p a ra tio n s  o f  Mutan were used: one was
a g i f t  from  Schweizersche Ferment A .G ,, Basle , S w itz e r la n d , and 
the  second was prepared from  a sucrose c o n ta in in g  supe rn a ta n t o f  
S trep tococcus mutans OMZ 176, CBS 350.71 as described  by Guggenheim 
(1S69), .
S -g lucan was prepared from  the  mycelium o f  A s p e rg il lu s  n id u la n s
s t r a in  Eidam b lA ^ , k in d ly  s u p p lie d  by Dr. B. Cohen o f  the  Department 
o f  G enetics , U n iv e rs ity  o f  Glasgow.
Mutanase v/as a g i f t  o f  Schweizersche Ferment A .G ,, and dextranase 
was purchased from W orth ing ton  B iochem ica l C o rp o ra tio n , F reeho ld ,
New .Jersey, U.S.A.
A l l  o th e r  reagents were o f  teR* Grade, su p p lie d  by BDH Chemicals 
L im itoD , Poole , England,
2 .2  MICRO-ORGANISMS
2 .2 ,1  S trep tococcus sanguis 804, NCTC 10904, an is o la te  from  human*..irrvzA*»*r«r#ee*cea»'wru*»Le«'iw*»‘SfDU***ee.-3i.i.irT»3Vuwjnh*FW#  ̂ ^
d e n ta l plaque: (C a rlsson , 1968 ], was ob ta ined  as a freEJze-dried 
CLîlture from  Prpfesisnr J, Carls:son o f  the  Department o f  O ra l M ic ro ­
b io lo g y , U n iv e rs ity  o f  Umea, Uppsala, Sweden,. I t  was main'fcained on 
horse b lood agar s lopes (S e c tio n  2 .3 ] a t  4̂ ^C v /ith  m onth ly t ra n s fe r ,  
2 .2 *2  S trep  1x3COecus mutans OMZ 176. CBS 350.71 described  by Guggenheim 
(19S9) was ob ta ined  as a f re e z e -d r ie d  c u ltu re  from  Dr. F .J . McKean o f  
the  Department o f  O ra l M ed ic ine , Glasgow D enta l H o s p ita l and S choo l,
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Glasgow. I t  v;as m a in ta ined  on horse b lood agar s lopes a t  4°C v /ith  
m onth ly t ra n s fe r .
2 .3  MAINTENANCE MEDIUM
Blood agar base (40g) (O xold, Southwark B ridge  Road, London) was added 
to  d i s t i l l e d  w a te r ( l  l i t r e )  and eu toc laved  a t  103^ 5 kPa f o r  20 m inutes. 
I t  was coo led to  40°C and d s f ib r in a te d  horse b lood (O xoid) was added 
a s B p t ic a l ly  to  g iv e  a f i n a l  c o n c e n tra tio n  o f  5% ( v /v ) .
2 .4  CULTURE MEDIAMaBa-wr—aa*iKguw’.iJ.ngi>iw>warŵgfi
2 .4 .1  C a rlsson te  d i f fu s a te  medium (C arlsson  e t  a l . 1969). T h is  is  a 
m o d if ic a t io n  o f  th e  medium developed by Cybulska and Pakula (196,3), 
Casein h y d ro ly s a to  (25g) ( O x o id ), t ry p to s e  (lODg) (O xoid) and yeas t 
e x t ra c t  (SOg) ( Oxoid) v/ere added to  d i s t i l l e d  w a te r (500 ml ) and 
d ia ly s e d  (S e c tio n  2 .1 3 .1 ) o v e rn ig h t a g a in s t 1*3 1. d i s t i l l e d  w a te r. The 
d ia ly s is  was repeated tw ic e  mare a g a in s t the  same volume o f  d i s t i l l e d  
w a te r f o r  IGh and the  d i f fu s â te s  pooled* T h is  l i q u id  v / i l l  be re fe r re d  
to  es C a rlsson te  d i f f u s a ta , The volume was made up to  4 1 w ith  d is ­
t i l l e d  w a te r and anhydrous K^HPO^ ( iS g ) added. T h is  s o lu t io n  was a u to -  
c laved  a t  103*5 kPa f o r  20 m inu tes. T h is  w i l l  be re fe r re d  to  as 
C a rlssnn te  d if fu s a te  medium,
D -g lucose (SOg) was added to  d i s t i l l e d  w a te r ( l  l i t r e )  and au toc laved  a t  
103*5 kPa f o r  20 m inu tes. I t  was than added a s e p t ic a l ly  to  the  s ta i- i lo  
d i f fu s a ts  to  g iv e  a f i n a l  g lu tx ise  c o n c e n tra tio n  o f  1% (w /v ) .
2 .4 .2  N u tr ie n t  b ro th . N u tr ie n t  b ro th  No.2 (Oxoid) (2 5 g ), was added to«■rjitj»aafg3SgwTv.i\iriMfc.<anj5a&wfLrt»:Æv̂saf-ti  ̂ y v w / r
d i s t i l l e d  w a te r (800 m l) and au toc laved  as above, 9% (w /v ) s t e r i le  
g lucose s o lu t io n  (200 m l) prepared as above v/as then added e s e p t ic a l ly .
2 .5  GRÜ7/TM CF S .sanqu iscwitawTOasac»a»,afUi‘jut=ia*ei4«Vk;«lff.'i'i?5-S;c:SVîïyi-'»3gsri ,
S t e r i le  C a rlsson te  d i f fu s a te  medium (200 m l) (S e c tio n  2 ,4 . l )  in  a
5D0 ml. Ehrlenm syer f la s k  was in cuba ted  a t  37^C w ith  s t i r r i n g .
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2 .5 .1  Rate o f  growth and pH change o f  S .sangu is . C u ltu re  vesse ls  
s e t  up OS above were in o c u la te d  w ith  5 ml o f  a 16h s t a r t e r  c u ltu re  
o f  S ,sangu is . 2 ml. samples were removed a s e p t ic a l ly  a t  known tim ernmmeiui wi<
in te r v a ls  and the  pH measured. The change in  t u r b id i t y  (S ec tion  
2 .1 5 .1 ] w ith  tim e  was taken as a measure o f  the  b a c te r ia l growth 
ra te ,
2 .5 .2  Dextransucrase p ro d u c tio n  by sangu is C u ltu re s  s e t  up as
above were sampled a t  in te r v a ls  and assayed f o r  c e l l  grow th and
dextransucrase  (S e c tio n  2,15.211).
2 ,6  ELUCIDATION OF OPTB^UM CONDITIONS FOR 
DEXTRANSUCRASE PRODUCTION
2 .6 .1  The E f fe c t  o f  inoculum  s iz e . The e f fe c t  o f  a 0*5% (v /v )  and
a 2*5% (v /v )  inoculum  o f  a 16h- c u ltu re  were examined by in o c u la t in g  
c u ltu re  medium w ith  1 ml and 5 ml re s p e c t iv e ly  o f  a IGh s ta r t e r  
cu ltu res , Samples were assayed f o r  c e l l  growth and dextransucrase  
p ro d u c tio n  (S e c tio n  2 .1 5 ).
2 .6 .2  The e f fe c t  o f  inoculum  age. C u ltu re s  were s e t up as be fo re  
u s in g  5 m l, o f  7h, lo jh  and IGh s ta r t e r  c u ltu re s  re s p e c t iv e ly ,
2 .6 .3  The E f fe c t  o f  pH c o n tro l,  S ,sangu is  produces copious amounts 
o f  a c id  whien grown in  C arlsson* s d i f fu s a te  medium (S e c tio n  3 ,1 .1 )
and i t  was decided to  examine S ,sangu is  under c o n d it io n s  o f  c o n tro lle d  
pH in  o rd e r to  determ ine any l im i t i n g  e f fe c t  o f  the  a c id  on grow th 
and dextransucrase  p ro d u c tio n .
A 500 rnl w ide-necked Ehrlenm eyer f la s k  was f i t t e d  w ith  a rubbe r bung 
c o n ta in in g  fo u r  p o r ts  (F ig u re 2,1 ) .  One p o r t ,c a r r ie d  an a u to c la v a b le  
com bination  pH e le c tro d e  (A c t iv ic n  G lass L im ite d , M itc h e ll  H a ll ,  
K in g la s s ie ,  F ife )  -  No. 5 on F ig u re  2.1, the  second an i n l e t  tube f o r  
NaOH, the  t h i r d  was a tta ch e d  to  a U n iv e rs a l b o t t le  (<i) which served 
as an in o c u la t io n  p o r t  and the  la s t  was a sam pling p o r t  ( 6 j.
The f la s k  con ta ined  Carlsson®s d i f fu s a te  ( l 56 n il) and a m agnetic 
s t i r r i n g  bar. The U n iv e rs a l b o t t le  con ta ined  4 ml o f  the  same 
l iq u id *  The apparatus was au toc laved  a t  103*; 5 kPa f o r  20 m inutes,
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F ig .2 .1, Ferm enter f la s k  assembly f o r  growth o f  under
— É a * j~ i r i t t i ia i jT T r ¥ i>n^tnT?iii>grnB wvii;tiiMm'iriir,n-i,iiii muii iK uii ; A  la^in iT r*ti~'.i*‘ nmi m n iii wi»w*(niTW>iiTmiii7imii  .............. >wi*’n  r it j  >!■ l u n i—ti i i iin i i m m niwi
c o n d it io n s  o f  con ti
A fe rm e n te r f la s k  assembly was s e t  up as shown above. The f l a s k - 7  
con ta ined  lS6m l C a rlsson*s  d i f f u s a ts  and a m agnetic s t i r r i n g  b a r and 
was sea led w ith  a rubbe r bung. The bung c a r r ie d  an a u to c la v a b le  pH 
e le c tro d e  — 5 , an i n l e t  tube  a tta ched  by rubbe r tu b in g  to  a b u re tte
“ 1 , a sam pling tube -  C sea led  v /ith  a rubbe r septum and an
in o c u la t io n  p o r t  a tta ch e d  by ru b b e r tu b in g  to  a U n iv e rs a l b o t t le  -  4 
c o n ta in in g  4ml C a rlsson*s  d i f fu s a te .  , T h is  e n t ir e  assembly was auto"- 
c laved  a t  103* 5 kPa f o r  20 m inutes and s e t  up in  the  w a te r bath 
a t  37*^C as shown. The pH e le c tro d e  was a tta ched  to  the  p H -s ta t and 
th e  d e s ire d  pH s e le c te d . A p e r i s t a l t i c  pump -  2 was a tta ch e d  to  
th e  pH s ta t  and th e  NaOH in le t .  When the  pH f a l l  below the  d e s ire d  
le v e l  the  pump v/as a c t iv a te d  and metered in  s t e r i le  M NaOH from  the  
b u re t te  -  1 u n t i l  t f ie  i*equ ired  pH was re s to re d . S te r i le  g lucose 
s o lu t io n  (3J4 w/ v ) 39 ml was added to  th e  f la s k  by means o f  a s t e r i le  
s y r in g e  and needle by way o f  th e  sam pling p o r t  and 1 ml was added to  
th e  U n iv e rs a l b o t t le .  The U n iv e rs a l b o t t le  was then in o c u la te d  v /ith  
a lo o p fu l o f  S. sanguis and suspended in  the  w a te r bath a t  37°C,
A f te r  16 hours a p e r i s t a l t i c  pump — 3 was a c t iv a te d  by a t im e r  and 
th e  co n te n ts  o f  the  U n iv e rs a l b o t t le  were t ra n s fe r re d  in to  the  f la s k .  
Samples were removed by means o f  a s t e r i le  s y r in g e  and needle by way 
o f  the  sam pling p o r t .  The w a te r ba th  v/as m ain ta ined  a t  37°C by 
th e  w a te r h e a te r — 8 .
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S te r i le  g lucose s o lu t io n  [9 ^  w /v} (39 m l) was added a s e p t ic a l ly  to  the  
f la s k  and 1 ml. to  the U n iv e rs a l b o t t le .  .
The apparatus was then s e t  up in  a w a te r bath a t  37°C as in  F igu re  2.1
The pH e le c tro d e  (s ) was connected to  the  Radiometer T i t r a t o r  type 
TTTl (Radiom eter A/S, DK 2400, Copenhagen N,V, Denmark; and the  i n l e t  
tube f o r  NaOH to  a s t e r i le  re s e rv o ir  ( l )  c o n ta in in g  s t e r i le  NaOH.
The f lo w  o f  l iq u id  from th is  re s e rv o ir  i s  c o n tro lle d  by a p e r is t a l t i c  
pump ( 2 } which is  connected to  the  t i t r a t o r , .
The U n ive rsa l b o t t le  ( 4 } was in o c u la te d  w ith  5 .sanguis and suspended
in  the  w ater bath a t  37°C, The d e s ire d  growth pH was se le c te d  on the
t i t r a t o r  and the  pH o f  the  medium in . t h e  f la s k  a d ju s te d  a c c o rd in g ly .
A f te r  16h growth a t im e r  a c t iv a te d  a second p e r is t a l t i c  pump (3 }
which tra n s fe r re d  the  con ten ts  o f  the  U n ive rsa l b o t t le  in to  the  f la s k .
When the  pH subsequently  f e l l  below th e  des ire d  le v e l the  t i t r a t o r
a c t iv a te d  a pump (2 } ,  m e te ring  in  s t e r i le  M NaOH u n t i l  th e  d e s ire d
pH was re s to re d . S te r i le  s y rin g e s  and lO in s ta in le s s  s te e l needles
(H am ilton  Micromesure BV, The Hague, H o lla n d ] were used to  remove
samples a t  zero tim e and a t  h o u rly  in te r v a ls .  The f la s k  was m ain- 
□ta in e d  a t  37 C v /ith  cons tan t s t i r r i n g  f o r  up to  72h,
Experim ents were perform ed a t  pH va lues  o f  5?0, 6?D, 7?0 and 8*0 
and subsequently  a t  6*5 and 7*5,
2 .7  TREAB'IENT OF CULTURE SAMPLES
Im m edia te ly  upon removal o f  a sample, i t  .was assayed f o r  c e l l  growth
(S e c tio n  2«1 5 .l ] . Every fo u r th  sample was examined f o r  con tam ina tion  
by fo re ig n  b a c te r ia  by in s p e c tio n  o f  a Gram s ta in e d  s l id e  and by p la t in g  
o u t on blood agar p la te s .
I t  v/as then c e n tr ifu g e d  a t  ISOQg f o r  20 m inutes a t  4°C and the  super­
n a ta n t decanted. The c e l ls  were d isca rded  and the  supe rna tan t assayed 
f o r  g lucose , p ro te in  and dextransucrase  (S ec tion  2 .1 3 ,2 i i ,  5 and 6 i ] ,
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2 ,8  BATCH CULTURE OF S .sangu is  FDR DEXTRANSUCRASE
A 12 1 m agnetic d r iv e  fe rm e n te r ( V i r t i s  Co. I n c , , G a rd ine r, New 
York 12525} was s e t up as shown in  F ig u re  2,2 w ith  p o r ts  f o r  ana i n l e t  
f o r  NaOH and an a u to c la v a b le  pH e le c tro d e  (F ig u re  2. 2 No,5 }, A p o r t  
w ith  a s e l f - s e a l in g  ru b b e r septum (g } served as sam pling p o r t .  A 
b o t t le  ( 4 } sealed w ith  a rubbe r bung c a r ry in g  an o u t le t  tube and 
an a i r  i n l e t  tube f i t t e d  w ith  a b a c te r io lo g ic a l a i r  f i l t e r  -  3 
(Whatman F i l t e r  Tubès, Reeve Angel S c ie n t i f ic  L im ite d , Gaunt S tre e t,  
London} was used f o r  in o c u la t io n  and in tro d u c t io n  o f  s t e r i le  g lucose 
s o lu t io n ,
C a rlsson*s  d if fu s a te  (6»24 l }  was in tro d u c e d  in to  the  fe rm e n te r v/hich 
v/as then au toc laved  a t  103 '5  kPa f o r  75 m inutes. S te r i le  g lucose 
s o lu t io n  S/g ( w/ v } (1*5G l }  was added and the  apparatus s e t up in  a 
w a te r bath a t  37°C . as shown in. F ig u re  2,2,
The apparatus was connected to  the  t i t r a  t o r  in  the  same v/ay as the  
f la s k  assembly (S e c tio n  2 .6 ,3 } .
200 ml o f  a IGh c u ltu re  o f  8 ,sangu is  was added a s e p t ic a l ly  and
# ara tn mm wmm '
sam pling c a r r ie d  o u t a t  h o u r ly  in te r v a ls .
The pH v/as m ain ta ined a t  a co n s ta n t va lue  by a d d it io n  o f  lOM NaOH,
The removal o f  samples la rg e r  than 50 ml n e ce ss ita te d  the  a d d it io n  
o f  a s iphon tube to  the  fe rm e n te r pidLor to  auto s la v in g .  Large
samples cou ld  then be siphoned o f f  a s e p t ic a l ly ,
2 .9  PREPARATION 0F_ GLUCANS
2 .9 .1  Mutan 2 was prepared from the  supe rn a ta n t o f  a c u ltu re  o f
5. mutans OiVZ 176 v/hich had been grov/n in  n u t r ie n t  b ro th  a t  37°C 
f o r  24h (Guggenheim 1969}, The c e l ls  were c e n tr ifu g e d  down and 
th e  supe rna tan t supplemented w ith  p e n ic i l l i n  (440 u ./m g )/s tre p to ­
mycin ( 4 4 0 u /mg) m ix tu re  (BDH t is s u e  c u ltu re  media) to  g iv e  a 
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In o c u la t io n  v e s s e l,
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Sampling p o r t .
S t e r i le  sam pling 3yi'*inge and needle , 
Thennometer w e ll.
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M agnetic  d r iv e  im p e lle r .
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gr*owth d u r in g  mutan p ro d u c tio n . The a n t ib io t ic s  were shown to  be 
f re e  o f  dextranase a c t i v i t y  (S e c tio n  2 .1 5 ,7 ) .
Sucrose (BDH Chemicals L im ite d  -  A r is t a r  grade) was added to  a f in a l  
co n c e n tra tio n  o f  3/c (w /v ) and the  s o lu t io n  incubated a t  37^C f o r  
24h. The mutan was then p re c ip ita te d  by a d d it io n  o f  1 v o l.  10“/
(w /v ) sodium a ce ta te  s o lu t io n  fo llo w e d  by 2 -5  v o l.  9 f f /  ( v /v )  e th a n o l.
I t  was mixed th o ro u g h ly , the  suspension l e f t  to  stand a t  room tempera­
tu re  f o r  4h and then c e n tr ifu g e d  a t  ISODg fo r  10 m inutes. The 
p r e c ip i ta te  was washed th re e  tim es w ith  4*5  v o l.  o f  a m ix tu re  c o n ta in in g  
w a te r -  IC f/ sodium a c e ta te  -  96P/ e th a n o l (2 : 2 î 5 by vo lum e). I t  
was then taken up in  5 -  10 ml o f  v /a te r and ly o p h il is e d .
2 .9 .2  S .g lucan was prepared from  the  mycelium o f  A s p e rg il lu s  n id u la n s  
s t r a in  Eidam b iA^ a cco rd ing  to  th e  method o f  Zonneveld (1971).
2 .9 .3  Dextrans I ,  I I  and I I I  were prepared from  supe rn a ta n t samples o f  
c u ltu re s  o f  S .sangu is grown in  the  fe rm e n ta tio n  c e l l  (S e c tio n  2 .B )
a t  pH 7*1 -  0*1 . The c u ltu re  was harvested  d u rin g  phases I ,  I I  and 
I I I  (S e c tio n  3,3 ) and c e n tr ifu g e d  a t  16DDg fo r  20 m inutes, Dextran
was prepared from each su pe rn a ta n t as described  f o r  mutan 2 p ro d u c tio n  
(S e c tio n  2 ,9 . l ) ,
A l l  g lucan  samples were weighed on a C l M ic ro fo rce balance UK. l i e ,
(C I E le c tro n ic s  L im ite d , S a lis b u ry , W i l t s . )  and t ra n s fe r re d  to  a 
d e s s ic a to r  c o n ta in in g  which v/as m a in ta ined  a t  4D*̂ C by a h e a tin g
m antle . They were d r ie d  to  co n s ta n t w e igh t in  vacuo.
2 .10  CHARACTERISATION OF DEXTRAN -  CONTAINING
PRECIPITATES
C h a ra c te r is a tio n  o f  the p re c ip ita te s  ob ta ined  in  S ec tion  2 .9 .3  was 
c a r r ie d  o u t by means o f  g a s - l iq u id  chromatography^ a n a ly s is  o f  a c id ic  
h yd ro ly s a te s  f o r  g lucose and a s p e c i f ic  a g g lu t in a t io n  techn ique  
(Gibbons and F itz g e ra ld  1969).
2 ,1 0 .1  Gas l io u id  chrcrnatoqranhv. The techn ique  used was a m od ifica - 
t io n  o f  the  methods o f  Lehnhardt and W in z le r (l9S£3) and Gheorgiu and 
O a ttc  (1970).
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D extran  (0«14 mg) in  a tube (6 *5  x 1 cm ) f i t t e d  w ith  a te f lo n  coated 
rubbe r septum, was suspended in  0*1M HCl [0 *2  m l). Ocwex 5DX 2
fo rm ) [25 mg) v/as added and h y d ro ly s is  c a r r ie d  o u t a t  10D°C f o r  
40h, The h yd ro lysa te s  were n e u tra lis e d  by pass ing  th rough a column 
(I'.O  X 0*5  cm ) o f  Dowex 1 x 2  [HCO^" fo rm , f r e s h ly  regene ra ted ) and 
washing th rough w ith  w a te r (2  x 2 *5  ml p o r t io n s )  fo llo w e d  by methanol 
[2  X 2 -5  ml p o r t io n s ) .  The e lu a te s  were poo led , evaporated to  dryness 
and the  d ry  res idu es  reac ted  w ith  T R I-S IL  (P ie rc e  Chemical Company,
R ockford , I l l i n o i s ,  61105, U .S .A .) [ lO O ^ l] f o r  30 m inutes. Samples 
(2  ) were chromatographed on 12^4 (w/w) HI-EFF-20P [e th y le n e  g ly c o l
s u c c in a te ) on gas-chrom P [A p p lie d  Science L a b o ra to r ie s , S ta te  C o llege , 
P ennsylvan ia  16801, U .S .A .) in  a c o ile d  g la ss  column [2 *lm  x 6*35 mm) 
a t  150°C w ith  oxygen f re e  n itro g e n  as c a r r ie r  [ f lo w  ra te  50 m l/m in  ) .
A Pye 104 Gas Chromatograph w ith  flam e io n is a t io n  d e te c to r  was employed,
2 .1 0 .2  H y d ro ly s is  o f  g lucans, Glucan samples were weighed on the  C . I .  
M ic ro fo rc e  Balance and d is s o lv e d  in  2M H^SO^ to  a f i n a l  c o n c e n tra tio n  
o f  Or 5 “  0*6 m g/m l. They were heated in  a g ly c e ro l bath a t  lOO^C
f o r  ISO m inu tes, cooled in  ic e  and assayed f o r  g lucose [S e c tio n  2 .1 5 ,5 ) 
end t o t a l  ca rbohydra te  [S e c tio n  2 .1 5 .4 ) ,  The g lucose was expressed as 
a percentage o f  t o t a l  ca rbohydra te .
2 .1 0 .3  S p e c if ic  a g g lu t in a t io n  te ch n icu e , S.mutans 0M2 176 was grown in  
n u t r ie n t  b ro th  a t  37°C ha rvested  by c e n t r ifu g a t io n  a t  160Gg f o r  20 rnin^ 
v/ashed in  0*97: [w /v ] sodium c h lo r id e  and suspended in  0* 067M sodium 
phosphate b u f fe r ,  pH 8 -0 , to  a c o n c e n tra tio n  o f  app ro x im a te ly  10^* c e l ls /m l.  
D extran was d is s o lv e d  in  the  same b u f fe r  to  g iv e  a c o n c e n tra tio n  o f  
lOO^g/m l, Dextran s o lu t io n  [0«2m l) was mixed w ith  c e l l  suspension [O '3m l) 
and incuba ted  a t  35^C, C o n tro ls  from  which c e l ls  o r  dex tran  were o m itte d  
were a ls o  s tu d ie d  in  o rd e r to  e lim in a te  the  p o s s ib i l i t y  o f  a u to -a g g lu t in a t io n ,  
The tubes were examined v is u a l ly  and by l i g h t  m icroscopy a t  re g u la r  in te r v a ls
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up to  72h f o r  s ig n s  o f  a g g lu t in a t io n .  Samples o f  d e x tra n - tre a te d  
c e l ls  o f  S, mutans and u n tre a te d  c o n tra i c e l ls  were d i lu te d  10,000«3 j#3*ruitmieaMemrK5Ki**
f o ld  w ith  D"0G7M sodium phosphate b u f fe r ,  pH 8 "0 , m ix ing  c a r e fu l ly  
in  o rd e r to  m in im ise m echanical breakdown o f  b a c te r ia l clumps.
Drops o f  t h is  suspension wera p laced  on Maxtaform e le c tra n  m ic ro ­
scope g r id s , type H9 (Taab L a b o ra to r ie s , Kidmors End Road, Emmsr 
Green, Reading, E ng land), the  excess l iq u id  b lo t te d  o f f  and the  
g r id s  washed w ith  w a te r, d r ie d  and examined under the  e le o tra n  
m icroscope [Model AEl EM 68 ),
2 .11  STRUCTURAL EXAMINATION OF DEXTR/AMS
2 .1 1 .1  In f r a - re d  spectroscopy. Prepared g lucan samples (S e c tio n  2 .9 ) 
ware pressed in to  KBr d is c s  and in f r a - r e d  sp o c tra  prepared from  them 
in  a Pye 225 spectropho tom eter.
The s p e c tra  were examined f o r  the  presence o f  peaks c h a r a c te r is t ic  
o f  t i -  and |3"* g lucopyranose r in g  s t ru c tu re  and the  d i f f e r e n t  g ly c o s id ic  
lin k a g e  types . Comparisons were drawn batwaen the  s p e c t ra 'o f  g lucans 
o f  known and unknown s t ru c tu re  [B a rk e r e t  a l , 1957).
2 .11c2 Enzvmiic deg ra da tion . The techn ique  used was th a t  described  by
tKWTTEaT.i<weua:îï»rifWBsaiirt^«,S-î«s.»7!irEt-it;:vii,-a'rws3rtr«r» ' {  ̂ J
Newbrun ( l9 ? 2 ) .  The in c re a se  in  reduc ing  power Vv'ith tim e  was measured 
by the Gomogyi method [S e c tio n  2 .1 5 .3 ) ,  us ing  m altose as a s tandard .
The mciltosp p ro d u c tio n  a f t e r  3h was taken as a mcasura o f  the  r e la t iv e  
s u s c e p t ib i l i t y  o f  the  g lucan to  the  enzyme.
2 .11c3 P e rioda te  o x id a t io n , 20ml s tanda rd ised  sodium m ste -D orioda te
s o lu t io n  [a p p ro x im a te ly  G^OIM -  S e c tion  •2,15.6) was added to  dOmg 
dex tran  and Cstirred in  the  da rk  a t  4^C. A liq u o ts  were removed a t  known 
tim e  in te r v a ls  and assayed f o r  p e r io d a te  [S e c tio n  2 .1 5 ,6 ) ,  The percen­
tage d k [ l - r G ) -  lin k a g e s  a n d /o r end graups were then c a lc u la te d  from  the  
amount o f  p e r io d a te  consumed.
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2.12  PARTIAL PURIFICATION OF DEXTRAN3UCRASE
Enzyme production was c a rrie d  out as in  Section 2 .8  and, a t  the desired  
stage, c u ltu re  f lu id  was a s e p tic a lly  siphoned in to  a f la s k  cooled to  4°C,
The c e l l  suspension was then pumped in to  a continuous ac tio n  ro to r  
(Measuring and S c ie n t i f ic  Equipment L im ited , Buckingham Gate, London,
S .W .l) a t  150 ml/min and centrifuged  a t  15,000g a t  4°C and the super­
natant co llec ted  in  an ice-coo led  f la s k . A n tib io tic s  (lOO^g/ml ) were 
added to  prevent growth o f  any b ac te ria  l e f t  in  suspension.
2 .1 2 .1  H ydroxylapatite  chromatography,
( i )  Batch-wise e lu tio n  (Carlsson,19S9). A s lu rry  o f hydroxyla- 
p ap ite  in  0*001M phosphate b u ffe r , pH 6*8 as supplied by Sigma 
Biochemicals L td , , was added to the supernatant [lOG -  200 ml 
s lu r r y / l i t r e  supernatant) and s t ir re d  overn ight a t  4°C, I t  
was then centrifuged  down and washed w ith U«05M potassium 
phosphate b u ffe r , pH 6*0 a t  4°C fo r  4h w ith s t ir r in g .  I t  
was cen trifuged  a t  1600g fo r  10 minutes and washed successively  
w ith O 'lM , O'lSVI and 0*2M potassium phosphate b u ffe rs  pH 6.*0,
I t  was f in a l ly  e lu ted  w ith  0 » ^  potassium phosphate b u ffe r , pH 6*8 . 
At each step the volume o f  washings was measured and a sample 
assayed fo r  dextransuerase (Section  2 ,1 5 ,2 l i )  and p ro te in  content 
(Section 2 .1 5 ,6 i ) .  A ctive  samples were pooled and concentrated  
(Section 2 .1 3 ) .
( i i )  Column chromatography. The cu ltu re  supernatant was adsorbed onto  
hyd ro xy lapatite  as described above and washed w ith  potassium phos­
phate b u ffe rs  pH 6*0 up to  0*2M potassium phosphate b u ffe r  pH 6*0  
as described above, 250 ml o f the p re c ip ita te  v;aS then packed 
to  a depth o f 20 -  40 m m in to  a 63 m m bore chromatography 
column w ith long ad justab le  column ends (Job ling  Laboratory  
D iv is io n , Stone, S ta f fs ,)  according to  the makers in s tru c tio n s ,  
0»2M potassium phosphate b u ffe r  pH 6*0  was pumped through by means 
o f a chromapump
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a t  14*4 m l/h  (B a ird  and Tatlocl< L im ited , Blackhorse Lane, Walthamstow, 
London) u n t i l  the column had packed down.
The column v/as e lu ted  by means o f  a l in e a r  g rad ien t s e t up betv/een 0*2M 
potassium phosphate b u ffe r , pH 6' 0 (750 ml) and 1* OM phosphate b u ffe r  
pH 6*6 (750 m l). The flow  ra te  was 1 4 '4  m l/h and 3 *6  ml fra c tio n s
were c o lle c te d  by means o f  a chromafrac fra c t io n  c o lle c to r  (BTL), The 
apparatus was s e t up in  a cold room a t  4°C, Every th ir d  sample was 
’ assayed fo r  p ro te in  (Section  2 .1 5 ,S ix ) and dextransuerase (Section  2 .1 5 ,2 i i )  
and subsequently a l l  fra c tio n s  around the peaks were assayed.
2 .1 2 ,2  U l t r a f i l t r a t io n  and Concentration.
The e lu t io n  p a tte rn  obtained from h yd ro xy lap a tite  chromatography was 
examined and s u ita b le  a c t iv e  samples pooled as in d ic a ted  in  the re s u lts  
(Section  3 .6 i,i i) ,  D esa lting  and concentration o f pooled fra c tio n s  was 
then c a rr ie d  out using an u l t r a f i l t r a t i o n  c e l l  o r hollow  f ib r e  device  
(S ection  2 ,1 3 }*
2 .1 3  DIALYSIS AND CCNCENTrATTOT'l OF MATERIAL
2 .1 3 .1  D ia ly s is ,fcrac>wrî l.i:,-M waitm >
V isk ing  tubing (S c ie n t i f ic  Instrum ent Centre, Leeke S tre e t , London) was 
cut in to  desired len g th s , suspended in  1 1 d is t i l le d  w ater and heated a t  
60 C in  a w ater bath fo r  2 hours. The v/ater was discarded and the pro­
cess repeated tw ice more. I t  was then v/ashed a t  room tem perature three
tim es w ith  98% e thano l, and th ree  times w ith  d is t i l le d  w ater. I t  was then
stored in  d is t i l le d  v/ater a t  4*̂ C u n t i l  requ ired . D ia ly s is  vas c a rrie d  out 
ag a in s t d is t i l le d  w ater a t  4°C w ith  s t i r r in g .
2 .1 3 .2  U l t r a f i l t r a t io n  and C oncentration,
i ) . Hollow f ib r e  device. Rapid d ia ly s is  and /or concentration  o f  
so lu tion s  v/as acJiieved v/ith a B io -F ib e r Beaker (Bio-Rad
Laborato ries  L td ; , Bromley, K en t), The sample (lOO ml ) and
a magnetic s t i r r in g  bar were placed in  the beaker surrounding
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the  f ib r e  bundle . To d e s a lt  the  s o lu t io n ,  d i s t i l l e d  w a te r 
was run through the  f ib r e  bundle from  a g r a v ity  feed a t  
a p p ro x im a te ly  100 m l/m in  f o r  30 m inutes.
To conce n tra te  and d e s a lt  the  s o lu t io n ,  d i s t i l l e d  w a te r 
was pumped in to  the  f ib r e  bundle a t  40 m l/h  and removed 
by a second pump a t  90 m l/h . I t  was run  o v e rn ig h t o r  u n t i l  
the  sample had been s u f f i c ie n t l y  concen tra ted ,
The apparatus was s e t up in  a co ld  room a t  4°C w ith  s t i r r i n g ,  
i l j  U l t r a f i l t r a t i o n  c e l l ,  Amicon u l t r a f i l t r a t i o n  c e l ls  (Amicon 
C o rp o ra tio n , L e x in g to n , Massachuseifcs 02173) w ith  D ia f lo  PM 10 
u l t r a f i l t e r s  (Amicon) were used to  conce n tra te  s o lu t io n s  by 
a p p ly in g  p o s i t iv e  p ressu re  (414 kPa),
2 .1 4  PROPERTIES OF DEXTRAMSUCRASE
2 .1 4 .1  Optimum pH (C arlsson  e t  a l , 1969), A r is ta r  sucrtjse  was d is s o lv e d  
in  th e  fo llo w in g  b u f fe rs  to  a f i n a l  c o n c e n tra tio n  o f  10% (w /v ) and each 
b u f fe r  was supplemented w ith  p e n ic i l l in /s t r e p to m y c in  m ix tu re  to  g iv e  a • 
f i n a l  c o n c e n tra tio n  in  the  assay in c u b a tio n  m ix tu re  o f  lODpg/m l, The 
b u f fe rs  used were 0*1M sodium phosphate -  c i t r a t e  b u f fe r  (Dawson e t a l , 
1962) f o r  pH va lues o f  3 *6 , 4 *0 , 4 *6 , 5*0, 5*6, 6*0 and 6 f4 , 0*1M sodium 
phosphate b u f fe r  f o r  va lues  o f  6 *4 , 6 *8 , 7*0 and 7*2 , 0*1M ve ro n a l b u f fe r  
f o r  va lues 7*2 , 7*6 and 0*0  and 0 -lM  sodium bo ra te  b u f fe r  f o r  pH 8*0 ,
8 *4  and 9»0. P a r t ia l ly  p u r i f ie d  enzyme (o*5m l) v/as then added to  0 *5  ml 
o f  each b u ffe re d  sucrose s o lu t io n  and the  pH was re-m easured. The tubes
were then  incuba ted  a t  37°C f o r  6 hours'. The assay f o r  dextransu erase 
was then con tinued  as in  S e c tion  2 .1 5 ,2  i i .  Assays were perform ed in  
d u p lic a te .
2 .1 4 .2  S t a b i l i t y ,  The s t a b i l i t y  o f  dextransuerase under d i f f e r e n t  
c o n d it io n s  o f  s to rage  was examined. Samples o f  crude supe rn a ta n t
(S e c tio n  2 . 8 )were s to re d  a t  room tem pera ture  a t  4^C and a t  -20°C f o r  
known p e rio d s  o f  tim e . Samples wkich had been fro ze n .a n d  thawed seve ra l
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t im es  in  succession v/ere a ls o  s tu d ie d . The e f fe c t  o f  these c o n d it io n s  
on dextransuerase a c t i v i t y  was examined.
2 .15  ASSAYS
2 .1 5 ,1  C e ll Growth, B a c te r ia l c e l l  d e n s ity  Was measured by de te rm in in g
th e  t u r b id i t y  o f  the  c u ltu re  a t  540 nm, A c u ltu re  o f  S ,sangu is  in
oC arlsson* s d i f fu s a  te  medium was grown a t  37 C v /ith o u t pH c o n tro l and 
samples o f  200 ml were removed a t  in te r v a ls .  The o p t ic a l  d e n s ity  was 
measured im m ed ia te ly  a t  540 nm and th e  sample was then c e n tr ifu g e d  a t  
1600 g f o r  20 m inutes. The sup e rn a ta n t was d isca rded  and th e  c e l ls  
washed tw ic e  w ith  200 ml G.'IM sodium phospate b u f fe r ,  pH 7< 0 and tw ic e  
w ith  100 ml d i s t i l l e d  w a te r. The washings were d isca rd ed  and th e  c a l ls  
d z ie d  ove r in  vacuo u n t i l  they  reached cons tan t w e igh t. The coi~-
r e la t io n  was then shown between th e  o p t ic a l  d e n s ity  o f  the. c u ltu re  sample 
a t  540 nm and i t s  d ry  w e igh t.
2 .1 5 ,2  Dextransucre.se.
i )  Carlsson®s method ( l9 S 9 ), An equal volume o f
sucrose in  O 'lM  sodium phosphate bu ffe r* 'pH  S-8 was 
added to  a sample o f  c u ltu re  supe rna tan t a t  37°C 
0 -2  ml samples were I ’emoved a t  zero tim e  and a t  
known tim e  in te r v a ls  and added im m ed ia te ly  to  0-?8 ml 
0»04 U NaOH, The samples were then assayed f o r  ' 
f ru c to s e  by the  Somogyi method (S o c tio n  2 .1 5 .3 ] ,
i i )  Cybulska and P aku la*s method (1963), One volume 
10% (w /v ) sucrose in  D*1M sodium phosphate b u f fe r ,  
pH 7 -0 , conka in ing  s t re p to m y c in /p e n ic i l l in  (200^g/m l ) 
was added to  one volume o f  c u ltu re  su pe rn a ta n t. I t  
was mixed w e ll and in cuba ted  a t  37^C f o r  24 hours.
Two volumes 10j(- (w /v ) anhydrous sodium a c e ta te  
s o lu t io n  fo llo w e d  by 3 v o l.  9G>( e thano l were added
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and mixed w e ll to  p r e c ip i ta te  the  de x tra n . The
suspension was l e f t  to  stand a t  room tem pera ture  f o r
4 hours and the  p r e c ip i ta te  c e n tr ifu g e d  down a t  1600g
f o r  20 m inutes. I t  was v/ashed tw ice  w ith  a m ix tu re
c o n ta in in g  w a te r -  10% (w /v ) sodium a c e ta te  -  96%
e th a n o l (2 : 2 î 5 by volume) and l e f t  to  d ra in .
The f i n a l  p r e c ip i ta te  v/as d is s o lv e d  in  0 -lM  NaOH
and the  de x tra n  determ ined by the  phenol « H SO
2 4
method (s e c tio n  2 .1 5 ,4 ) ,  ■
2 .1 5 .3  Reducing Sugar, T h is  was determ ined by the  method o f  Somogyi 
( 1 9 4 5 ) ,  Due to  problems o f  s u rfa ce  o x id a t io n ,  i t  was necessary to  
in c lu d e  fru c to s e  standards o f  0 -1  to  1*0 mg/ml fru c to s e  w ith  every 
hatch o f  assays,
2 .1 5 .4  T o ta l C arbo liydra te , The phenol -  H_SO^ method was employed 
(Dubois e t  a l , 1956), A l l  assays were perform ed in  t r i p l i c a t e  and 
g lucose  standards in c lu d e d , A s tandard  cui*ve v/as prepared us ing  
10 -  lÜÜ|jg/rnl g lucose,
2 .1 5 .5  Glucose, The GOD-Parid method f o r  b lood suoar was c /a rried  o u t 
u s in g  a Biochemica Test Com bination (B oeh ringe r C o rp o ra tio n  L im ite d , 
U xbridge Road, E a lin g , London).
2 .1 5 .6  P ro te in .
i )  Lov/ry method. The method o f  Lowx-y a t  a l  ( l9 5 l )  was used 
w ith  bovine cî-chym otrypsinogen s tanda rd ised  by i t s  
e x t in c t io n  c o e f f ic ie n t  as a standai-*d (W ilcox  195?),
i i )  U.Vc Absorbance, The p j-o te in  c o n c e n tra tio n  column 
e lu a to s  was measured by the  absorbance o f  u .v . l i g h t  a t  
280 nm us ing  c u v e tte s  o f  1 cm l i g h t  path  in  a SP.500 
spectropho tom eter (Unicam Ins trum en ts  L im ite d , York 
S tre e t,  Cambridge, England) and a standard  o f  bovine 
it-  chyniG t ry p  s inogen.
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2 .1 5 .7  Dextranase, A n t ib io t ic  sample f l  ml 1 fSGOHg/ml ) was added 
to  2 ml 1* 67% (w /v ) dex tran  2D00T in  0«IM sodium phosphate b u f fe r ,  
pH 7^0 as described  in  the  W orth ing ton  Manual (1972). I t  was in c u ­
bated a t  37°G. and a t  known tim e in te r v a ls ,  0*2 ml a l iq u o ts  were 
added to  0*8 ml 0r04M NaOH and assayed fo r  reduc ing  sugar by the  
Somogyi method (s e c tio n  2 .1 5 ,3 ) ,  Dextranase (W orth ing ton ) 0 *4 ju g /m l 
was assayed by the  same method f o r  purposes o f  comparison.
2 .1 5 .8  P e rio d a te , D*D2M standard  a rs e n ic  t r io x id e  s o lu t io n  was p re -  
pared and Used to  s ta n d a rd ise  an app ro x im a te ly  O'OIM io d in e  s o lu t io n  
acco rd in g  to  the  method o f  Dyer (19SS). Subsequently s o lu t io n s  o f  
sodium m e ta -pe rioda te  cou ld  be t i t r a t e d  a g a in s t the  s tanda rd ised  
io d in e  and the  p e r io d a te  co n te n t determ ined.
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3. RESULTS
3 ,1  Growth o f  S ,sang u is ,
3 ,1 ,1  Rate of  growth end pH change o f  S ,sanguis c u ltu re s ,
a%=wa#(üaa&'K iimi*m r  i  j m-rr
( i l  The t u r b id i t y  o f  the  c u ltu re  in  r e la t io n  to  the dr>' w e igh t.
*   ̂ waicajyrjumiin L ^ i  w jf.iy.T i ts»KT»«BfldfeÆ«q»iiaiiw .* « » i iw*ifjT:jiant<rw>ggvg»au*>aJtaopaaag^£aa»it:gj>fcftcja^fjit3'»twïniitÆiW'tï»»aafy^
A d ir e c t  r e la t io n s h ip  was shown between the  t u r b id i t y  o f  a 
c u ltu re  sample a t  540 nm and the  d ry  w e igh t o f  th a t  sample, 
up to  an e x t in c t io n  va lue  o f  1*4 (F ig .s . l) ,  The c e l ls  had 
been washed tw ic e  w ith  0 -lM  sodium phosphate b u f fe r ,  pH 7»0, 
to  remove the  medium in  which they had been grawn and then 
w ith  d i s t i l l e d  w a te r to  remove a l l  s a l ts ,  be fo re  d ry in g  to  
cons tan t w e igh t. W ithou t t h is  procedure , s a l ts  adhering  to  
th e  d r ie d  c e l ls  would add to  the  w e igh t, g iv in g  erroneous 
re s u lts .  However, i t  i s  p o s s ib le  th a t  some c e l ls  wore 
lyse d  d u rin g  the  washing w ith  d i s t i l l e d  w a te r, a lthough  t h is  
s tep  was c a r r ie d  o u t r a p id ly  to  keep ly s is  to  a minimum.
( i i )  Rate o f  growth o f  the  c u ltu re .  A f te r  an i n i t i a l  la g  phase
o f  4“ 5h a ra p id  in c re a se  in  c e l l  d e n s ity  fo llo w e d , reach ing  
a maximum w ith in  3h (F ig ,3.2), D uring t h is  ra p id  growth
phase, the  d o u b lin g  tim e  was app ro x im a te ly  Ih ,  The t u r b id i t y  
then d e c lin e d  s lo w ly ,
( i i i )  pH change o f  the  c u ltu re .  The pH o f  s t e r i le  C a r ls s o n *s
'  '  4w5-aj*uSTfir»-Kï*Ry.îJs :waai3-*sîxu-’‘i'3/jRa3;«/î*vi55tirH.Tiï*i5*«sa5n4*J*crWttf ruri
d if fu s a te  medium was 7*0 -  7 0 .  In o c u la t io n  W3,th S.sancruis 
caused a s l ig h t  drop in  pH ( to  6»8 •» 7 -1 ) due to  th e  sm a ll 
amount o f  a c id  in tro d u c e d  w ith  the in o c u la t io n  fram  the  
s ta r te r  c u ltu re .  T h is  pH va lu e  remained co ns tan t u n t i l  the  
c e l l  d e n s ity  s ta r te d  to  in c re a se  and, as the  c e l l  d e n s ity  
r a p id ly  rase , the  pH f e l l  to  a v a lu s  o f  4 = 4 -  4»8 (F ig .3. 2 ) .  
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FIG. 3.1 THE RELATIONSHIP BETWEEN EXTINCTION AT 5dO nm AND THE 
DRY WEIGHT OF THE CELLS/ml IN S .scinquis CULTURE SAK^PLES.
n'^Tr~Tff™-rT*^rHriTi*-*r-K**T  ̂' >'**Ti I I Ii a II i' u Pi Tr»'T^*îtrT-~ii-*'.Trifr'TTnri'm^TirT*i'in"ii ifrrr? -ifr- r i  nf-irtf^uffo-rimiiTr^rf amrfnMiTTft i r t  r-i- 'n ilff n-m iTi'r rr
The e x t in c t io n  o f  c u ltu re  samples o f  S .sanau is  grciwn in  C arlsson^s d i f fu s o te  
medium a t  37^C, w ith  s t i r r i n g ,  was measured a t  5dG nm. 200 ml samples 
were then c e n tr ifu g e d  a t  IGOOg f o r  20 ruins to  remove the  c e l ls  which were 
then washed tw ice  w ith  200 ml 0*1M sodium phosphate b u f fe r ,  pH 7«0 and 
tw ic e  w ith  200 ml d i s t i l l e d  w a te r. They wrsre then d r ie d  to  co n s ta n t
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FIG. 3.2 GROWTH OF AND DEXTRANSUCRASG PRODUCnON BY S .sonau is .
200 ml C a rlsson*s  d if fu s â t©  medium was in o c u la te d  w ith  a few drops o f  a 
c u ltu re  o f  S jjaO Suij^  and in cuba ted  a t  37*^0 w ith  shaking , The c e l l  
d e n s ity  pH (o -  ~ o )  and dextransu  erase a c t i v i t y  were
measured as describ ed  in  S e c tio n  2 .15 ,211 .
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3 .1 .2  Dextransu erase pr'oduct^.on by S. sanguis.
f i l  Choice o f  dextransucrase  assay. Time course experim ents us ing  
C arlsson*s (l9S 9 ) dextransuerase  assay and crude supe rna tan t 
samples revea led  an i n i t i a l  dr*op in  reduc ing  pov/er a f t e r  ten  
m inutes ( F ig .3 .3 ) fo llo w e d  by an in c rea se  in  re duc ing  groups 
f o r  a f u r th e r  twsnt>/ m inutes and f i n a l l y  the  reduc ing  power 
d e c lin e d  ove r the  nex t 30 -  50 m inutes.
However, enzyme samples which had been p a r t ia l l y  p u r i f ie d  
by h y d ro x y la p a t ite  chromatography as described in  S e c tio n  2,
1 2 .i i  gave an ap p ro x im a te ly  l in e a r  re a c t io n  ra te  ove r SO mins 
(F ig .3 .4 ) .
Cybulska and P aku la ’ s (1963) metliod was based upon the  assay 
o f  p re c ip ita b le  carbohydra te  by the  enthrone method* The 
phenol/HgSO^ method f o r  the  assay o f  t o t a l  hexose was con­
s id e re d  to  be more a ccu ra ta  and so the  method o f  Cybulska 
and Pakula was m o d ifie d  to  in c lu d e  the  phenol/H^SO^ method 
in s te a d  o f  the  en th rone  method.
Time course experim ents u s in g  the  m o d ifie d  Cybulska and 
Pakula method gave an app ro x im a te ly  l in e a r  re a c t io n  ra te  
ove r 24h (F ig « 3 ,5 ) and t h is  method was, th e re fo ï ’e , adopted
f o r  assay o f  crt?de su pe rn a ta n t samples f o r  dextransuerase , 
Carlsson®s method was considered to  be u n s u ita b le  f o r  the  
assay o f  cixide supe rn a ta n t samples as changes in  o th e r  reduc­
in g  substances in  the  su pe rn a ta n t appeared to  be in te r f e r in g  
w ith  the  measurement o f  reduc ing  sugars in  the  assay,
( i i )  The use o f  a n t ib io t ic s  in  Cybulska and Pakula^'s m o d ifie d
dextransucrase assay. Cybulska and Pakula® s m o d ifie d  d e x tra n -tWîTrl !* AÆiltirt'TCÆ̂tffiltVrvi.TVSSïÆïJ
SUerase assay in v o lv e s  in c u b a tio n  o f  supe rna tan t samples a t
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FIG .3,3 THE TIME COURSE FOR DEXTRANSUCRASE ASSAY AS 
DESCRIBED BY CARLSSON f 19691.aftUttJrx.Mjgioarjfggjaa.'t̂wnMSioiiMu'nwtiiCT.i— v
The assay m ix tu re  con ta ined  1 ml c u ltu re  su pe rn a ta n t and 1 rnl D*R5[v1 sucroac 
in  D«1M sodium phosphate b u f fe r ,  pH 6*8. I t  was in cuba ted  a t  37°C and 
0^2 ml samples were removed a t  zero  tim e  and a t  r 's g u la r  in te r v a ls  up to  
70 m ins. The samples ware assayed im m ed ia te ly  f o r  reduc ing  sugar by the  
Somogyi method. The re d u c in g  sugar l ib e ra te d  vd.th tim e  f o r  two d i f f e r e n t  
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FIG,3.4 THE TIME COURSE FOR DEXTRANSUCRASE ASSAY M  AS 
DESCRIBED BY CARLSSON f ie G g ) .
•x iaa r» »m ‘«i' Ki. j ' j  i< tK jj» g ty g c P 5 *? r^ w C T w c ifc 3 a /k a w # *e ir : ,w r rc n t ilen^r.r
The assay was c a r r ie d  o u t as f o r  F lg ,3 .3 ,  Enzyme samples which had been 
p a r t ia l l y  p u r i f ie d  by h y d ro x y la p a t ite  chromatography as in  S e c tio n  2,12,11 
were used in s te a d  o f  c u ltu re  su p e rn a ta n t. These samples were th e  washings 
o b ta in e d  from  0.«2M phosphate b u f fe r ,  pH 6 *0 , which had been d e sa lte d  
(S e c tio n  2 .1 3 ,2 1 ) and d i lu te d  in  th e  assay b u f fe r .  The reduc ing  sugar 
l ib e r a te d  v /ith  tim e  f o r  th re e  enzyme samples o f  d i f f e r e n t  enzyme a c t i v i t i e s  
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FIB.3,5 THE TIWE COURSE FOR A k€OIFIED METHOD OF THE DEXTRANSUCRASE
The essay vms c a r r ie d  o u t as describ ed  in  S ec tion  2*15 .211. The dex tran  
produced w ith  tim e f o r  one crude supe rna tan t sample (A) and one sample [Bl 
which had been p a r t ia l l y  p u r i f ie d  by h y d rr ix y la p a t ite  chromatography as 
describ ed  in  S e c tio n  2 .12 .11  i s  shown.
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37^C f o r  24h in  ü ie  pressnce o f  sucrose -  see S e c tion  2 . IB . 
2 i i«  These c o n d it io n s  would fa v o u r grov/th o f  any b a c te r ia  
l e f t  in  the  sup e rn a ta n t o r  e n te r in g  from  the  atmosphere and 
such grow th would in t e r f e r s  w ith  the  assay. The a d d it io n  
o f  p e n ic i l l in /s t r e p to m y c in  to  the  assay m ix tu re  preven ted  
b a c te r ia l growth d u r in g  the  24h in c u b a tio n  p e r io d .
The a n t ib io t ic s  ware o f  fu n g a l o r ig in  b u t some fu n g i produce . 
dextranase f Ce s k a .e t  a l^ 1972) and i t  was, th e re fo re ,  necessary 
to  ensure th a t  no a c t iv e  dextranase was p re se n t in  the  a n t i ­
b io t ic s  to  in te r f e r e  w ith  the  assay.
The a n t ib io t ic s  were shown to  be f re e  o f  dextranase ac id .v i.ty  
( P ig .3 ,6 ) and th e  assay system used was shown to  be capable 
o f  d e te c t in g  dextreinass a c t i v i t y  by means o f  a commercial 
dextranase p re p a ra t io n ,
( i i i )  Dextransucrase productà.on p a t te rn .  The change in  d e x tra n -  
SU erase a c t i v i t y  o f  a c u ltu re  o f  S. sangu is grown v ith o u t  pH« tit» tsxfi£KfS3x-ABxÿi
c o n t ro l i s  shown in  F ig .3 , 2 . D extransucrase a c t i v i t y  
re a d ie d  a peak when th e  grow th o f  the  c u ltu re  was a t  a ' maxi­
mum, I t  then d e c lin e d  r a p id ly  as the  grow th ceased and the  
pH f e l l  below a p p ro x im a te ly  S«"0 (F ig .3 ,2 ) ,  P ro d u c tio n  o f  
th e  enzymb stopped when grow th had stopped and th e  pH had 
reached i t s  lo w e s t le v e l.
3 ,1 ,3  C onclus ions, The measurement o f  the  e x t in c t io n  o f  c u ltu re
samples a t  540 nm. i s  a v a l id  method o f  o b ta in in g  a measure 
o f  b a c te r ia l mass.
The m o d ifie d  Cybulska and Pakula method i s  a more s u ita b le  
method o f  m easuring the  dextransucrase  a c t i v i t y  o f  c u ltu re  
supe rn a ta n t samples than  C a rls s o rf's  method.
The a d d it io n  o f  p e n ic i l l in /s t r e p to m y c in  to  su pe rn a ta n t 
samples p reven ts  b a c te r ia l growth) b u t does n o t in te r f e r e  w ith
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riG.S.Q DEXTRANASE ASSAY ON PENICILLIN/STREPTOMYCIN ANTIBIOTIC MIXTURE
ThQ assay m ix tu re  con ta ined  1 ml a n t ib io t ic  sample (300|J3/ml, ) and 2 ml.
l«6?/o (v //v) dex tran  T2000 in  0*1M sodium phosphate b u f fe r ,  pH 7«0, in cuba ted  
o
a t  37 D. O'! 2 ml samples were removed a t  zero tim e  and known tim e  in te r v a ls  
and assayed f a r  reduc ing  sugar by th e  Somogyi method (a - ta ) .  To ensure the  
v a l id i t y  o f  the  assay p rocedure , 1 ml d e x t r a n a s e  (0*4/JQ /m l.) was> added to  
2 m l .  1*67% (w /v ) de x tra n  T200D in  O 'lM  sodium phosphate b u f fe r ,  pH 7?0 and 
assayed as above ( a-™-a )*
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dextransucrase assays,
S, sangu is grows r a p id ly  a t  37°C in  D a rlsson*s  d if fu s e ite  medium 
produc ing  copious amounts o f  a c id  vXiich leads to  a ve ry  ra p id  
decrease in  pH, Growth ceases when th e  pH f a l l s  below app ro x i~  
m ate ly  S»0. C essation  o f  grov^th nsay be due to  an un favou rab le  
pH, overcrow d ing o f  b a c te r ia ,  the  accum ula tion  o f  noxious sub­
s tances , removal o f  necessary n u t r ie n ts  o r  a com bination  o f  any 
two o r  more o f  these fa c to rs .
S im i la r ly ,  dextransucrase  a c t i v i t y  reaches a peak when growth 
i s  maximal, b u t r a p id ly  d e c lin e s  when the  pH f a l l s  below a p p ro x i 
m ate ly  5^0 and growth ceases,'
T h is  drop in  a c t i v i t y  may be due to  I n s t a b i l i t y  o f  the  enzyme 
a t  t h is  low  pH as th a  a c t i v i t y  i s  r a p id ly  lo s t  vd th  the  f a l l  i n  
pH (see S ection  3 .7 .1 ) .
A c id  p ro d u c tio n  may l i m i t  grow th and dextransucrase  p ro d u c tio n . 
Neuti’a l is a t io n  o f  th e  a c id  as i t  i s  produced may remove t h is  
l im i t in g  fa c to r  and a llo w  gi'owth and dextransucrase a c t i v i t y  
to  reach g re a te r  le v e ls .
3 .2  DEVELOPMENT OF OPTIMUM CONDITIONS FOR DEXTRANSUCRASE
PRODUCTION
3 ,2 .1  The e f fe c t  o f  inoculum  s iz e . Grov/th o f  c u ltu re s  in o c u la te d  w ith  
a sm a ll inoculum  [0»S/o 16h c u ltu re )  was as ra p id  as c u ltu re s  w ith  a 
la rg e r  inocu lum , b u t th e re  was a lo n g e r la g  phase be fo re  growth s ta r te d  
and the  f i n a l  b a c te r ia l y ie ld  was s l i g h t ly  low er (Pig,3.7,0,-5Yr and 2*E?/- 
16h c u l tu r e ) .  There was l i t t l e  d if fe re n c e  in  the  dextransu erase 
a c t iv ity - ' observed ( F ig ,3 ,8 ) ,  s im i la r  y ie ld s  be ing produced a t  a p p ro x i­
m a te ly  the  same tim e  a f t e r  in o c u la t io n  v /ith  a 6 ml 16h in o o jlu m  as 
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FÎG.3.7 EFFECT OF INOCULUM SIZE AND AGE HF INHCIJLUM CULTUREBAjWjaJJga «WMYMW3*?*
ON GROWTH OF S .sanqu is .
uiùa'n6tMf#ÉrKa*w.»
F la sks  c o n ta in in g  200 ml C a rls s o n 's  d i f fu s a te  medium were in o c u la te d  w ith  
5 ml o f  a 16h c u ltu i 'c  o f  S^sanguis ( a -  — 1 ml o f  a 16h c u ltu re•iT.tl'tSTlSKieMH
f , 5 ml o f  ,a 7h c u ltu re  ( a ™— a ) o r  5 ml o f  a 10?^ c u ltu re
(o •” « "* o ) re s p e c t iv e ly .  The c e l l  d e n s ity ,  measured as e x t in c t io n  a t  
540 nm was measured a t  known tim e in te r v a ls .
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FIG. 3.8 IHE EFFECT OF INOCULUM SIZE ON DEXTRANSUCRASE 
PRODUCTION BY 8 , sanguis.
F la sks  c o n ta in in g  200 ml C a rlsson^s d lf fu s a te  medium were in o c u la te d
vd th  5 ml o f  a 16h c u ltu re  o f  S .sanau is  [ a— a T, o r  1 ml o f  a 16h
c u ltu re  ( © - - > © ] ,  A l iq u o ts  o f  su p e rn a ta n t were assayed f o r  dextran-
suerase a c t i v i t y  as describ ed  in  S e c tio n  2 .15 ,211 ,
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3.2o2  The e f fe c t  o f  inoculum  age. The age o f  the  c u ltu re  inoculum  had 
a marked e f fe c t  on subsequent grow th and dex transucrase  p ro d u c tio n . The 
younger th e  inocu lum , th e  lo n g e r th e  la g  phase o f  grow th and the  lo w e r 
th e  b a c te r ia l y ie ld  ( F ig ,3, 9 ) ,  D extransucrase a c t iv i ty /  reached a peak 
when b a c te r ia l  y ie ld  a t ta in e d  i t s  maximum and consequently  dextransucrase  
p ro d u c tio n  occurred  la t e r  w ith  younger in o c u la  ( F ig ,3 ,9 ] ,  The y ie ld  o f  
dextransucrase  was a ls o  lo w e r w ith  younger in o c u la ,
3 .2 ,3  The e f fe c t  o f  pH c o n t ro l.  When G ,sanguis was in o c u la te d  in to«WaOt=naMgg=agg<gg-3CJwaa7<rxewwCTgKS»̂t»3iMTOggTOÿm'T̂i iiiMura niM
C a rls s o n 's  d i f fu s a te  medium m a in ta ined  a t  pH 5=1 ^  0 -1 , no grow th occu rred .
A t a l l  o th e r  pH va lu e s  examined (6*1  ~ 0 *1 , 6*6 -  0 *1 , ^ '- l  1 0 *1 , ,9=6 i  0*1 
and 8*1 ~ 0 *1 ] both b a c te r ia l y ie ld -a n d  dextransucrase  p ro d u c tio n  ware 
in c re a se d  when compared w ith  those o f  c u ltu re s  vd th o u t pH c o n tro l (F ig s ,3,10-31'*] 
A t pH 6«1 th e  d o u b lin g  tim e  v/as ap p ro x im a te ly  tw ic e  th a t  in  c u ltu re s  w ith o u t 
pH c o n t r o l j  b u t the  b a c te r ia l y ie ld  i n  the  c u ltu re  m a in ta ined  a t  pH 6*1 -- 
0=1 was 2 -3  tim es g re a te r .  A t pH 6"‘6 ~ 0*1 and pH 7<*1 ™ 0?1 the  d o u b lin g  
tim e  was th e  .same as in  the  c u ltu re  w ith o u t pH c o n t ro l,  b u t th e  b a c te r ia l 
y ie ld s  wibtg more than fo u r  tim es g re a te r .  A t pH 7*6  -  0*1 and 8*1 -  O f l 
g row th was much s lo w e r than a t  the  o th e r  pH va lues . A t pH va lu e s  6,*6 
^  0=1, 7*6  -  0*1 and 8*1 -  0=1 th e  b a c te r ia  tended to  fonn  aggregates 
which were d i f f i c u l t  to  keep in  suspension. T h is  in te r fe re d  w ith  the  
measurement o f  the  e x t in c t io n  a t  540 nm and measurements were, th e re fo re ,  
stopped whan agg re g a tio n  o ccu rred . A t pH 6*6 -  O-il agg re g a tio n  occu rred  
a t  ve ry  h igh  c e l l  d e n s it ie s  (F ig .3 ,1 l)  b u t a t  pH 7*6 -  0*1 and 8*1 -  0*1 
th e  t u r b id i t y  was a p p ro x im a te ly  1= 5 when a gg re ga tion  occu rred  (Figs,3,13-=3,14).
I n  those c u ltu re s  where t u r b id i t y  cou ld  be measured, grov/th ceased v/hen 
a l l  the  g lucose in  the  medium had been u t i l i s e d  (F ig ,3,10-3.12),
81
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FIG.3.9 the: e f f e c t  OF INOCULUM CULTURE AGE ON DEXTRANSUCRASE
PRODUCTION QY S .sanou is ,aHM»zx!>£i*jrcT3kc;aj3 CflL'̂SSÏïïUtSaœsatg
F la sks  c o n ta in in g  200 ml C a rlsson *s  d i f fu s a te  medium v/ere in o c u la te d  
w ith  5 ml o f  a 16h c u ltu re  o f  S» sangu is . 5 ml o f  a lo4h
*atncEtw#3Ki«ECT-4J.4'e&r*a3rtS3 \  J  9 C
c u ltu re  ( r -  -  E3 ) o r  5 ml o f  a 7h c u ltu re  re s p e c tiv e ly »
A liq u o ts  o f  su p e rn a ta n t wera assayed f o r  dex transucrase  a c t i \d . ty  as 
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FIG. 3.10 DEXTRANSUCRASE PRODUCTTOiN BY S .sanou is  AT pH 6-1  :  0*1 .
2G0 ml C a rlsson ’ s d i f fu s a te  medium, m ain ta ined a t  pH 6*1 -  0 *1 , was 
In o c u la te d  w ith  a 2-S^ 16h inocu lum  o f  S^sanouls a t  37^0„ w ith  s t i r -  
ring*, Samples were removed a t  known tim e in te r v a ls  and tha  e x t in c t io n  
measured a t  540 nm ( a <— a ) , A liq u o ts  o f  supe rn a ta n t were assayed f o r
g lucose  by the  g lucose ox idase  method and p ro te in  by the
Lowry method. The s p e c i f ic  a c t i v i t y  o f  dextransucrase  (o *» ~ o) i s  
th e  amount o f  p re c ip ita b le  carbohydra te  produced, as measured by the
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FIS.3.11 DEXTRANSUCRASE PRODUCTION BY S.sanquis AT pH G'G » 0*1
n . i  ■gir.aaoajciacagCtgatf'jgaiJÆgata.Tsaa^e*’». Aï5fifiifl5iSftfar.cacïciarw*T
The expe rim e n ta l procedure was the  same as th a t  shown in  F ig . 3.10 excep t
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FIG. 3,12 DEXTRANSUCRASE PRODUCTION BY S .sanqu is  AT pH 7^1 t O 'I .
The expe rim e n ta l procedure was the  same as th a t  shown in  F ig .3.10 except 
t h a t  the  pH was m a in ta ined  a t  7*1 t  0*1 . I ,  I I  and I I I  in d ic a te  the  
th re e  peaks o f  enz>mie a c t i v i t y  from  which supe rn a ta n t was harvested  
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FIG«3.13DEXTRANSUCRASE PRODUCTION BY S.sana H 7 .6  D ' l .|i<r- itfJtyu-icc-iraiHPWB
The expe rim e n ta l procedure was the  same as th a t  shown in  F ig ,3.10 excep t
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FIG*3,14 DHXTRANGUCRASE PRODUCTION BY S .sanqu ls  AT pH -  O 'l ,
The expe rim en ta l procedure was the  same as th a t  shown in  F ig ,3.10 excep t 
th a t  the  pH was m a in ta ined  a t  8«1 « 0*1.
A t a l l  pH va lues  s tu d ie d , th re e  d i s t i n c t  re p ro d u c ib le  phases o f  d e x tra ri”  
sucrase p ro d u c tio n  were apparen t (Figs«3ji>3.M}« The f i r s t  occu rred  as the  
c u ltu re  s ta r te d  to  graw^ the  second when the grow th r e ts  was a t  a maximum 
and the  la s t  when grow th had ceased and a l l  g lucose had been u t i l i s e d  
(F ig s .3.10-3.14), . The s ig n if ic a n c e  o f  t h is  p ro d u c tio n  p a t te rn  w i l l  be d is ­
cussed la t e r  (see S e c tio n  3 ,3 ,3^, D extrensucrass a c t i v i t y  expressed as 
s p e c i f ic  a c t i v i t y  in  those  experim ents  c a r r ie d  o u t under c o n d it io n s  o f  
c o n tro lle d  pH and as d e x tra n  produced p e r ml ' su p e rn a ta n t In  th e  e x p c ï l-  
ments w ith o u t pH c o n t ro l,  was g r e a t ly  in c rea sed  under c o n d it io n s  o f  con-*
.j.
t r o l le d  pH, Maximum dex transucrass  p ro d u c tio n  occu rred  a t  p»H 7*1 -  0 *1 , 
Growth o f  SoSanguis was g re a te s t a t  pH 6*6  -  0 " ! ,  b u t dextransuerase 
a c t i v i t y  was lower. The enzyme a c t i v i t y  was h ig h e r  in  c u ltu re s  m a in ta ined  
a t  pH va lues  above 7 than  a t  pH va lu e s  below t h is  f ig u r e .  T h is  cou ld  
in d ic a te  th a t  th e  enzyme i s  more s ta b le  a t  pH va lues  above 7 than below 
(F igs .S .IS -rtll,
3 ,2 .4  The e f fe c t  o f  con tam inan ts . U n fo r tu n a te ly *  d e s p ite  c a re fu l s t é r i l i s a -  
t io n  o f  a l l  components o f  the  fe rm e n te r f la s k  assembly and the  re d u c tio n  to  
a minimum o f  m an ipu la tio rss end a d d it io n s  o f  components to  the  f la s k  assembly 
once s te r i l i s e d *  con tam in a tion  problem s s t i l l  a rose. However, da ta  c o l­
le c te d  from  such contam inated c u ltu re s  suggest th a t  dextransue rase  produc­
t io n  i s  g re a t ly  in c rea sed  (Figs.3J7Hl1^fi. (Comparison o f  the  grow th ra te s  was 
n o t b u s s ib le  as a g g re g a tio n  o ccu rred  in  the  contam inated c u ltu re s .  I s o la ­
t io n  o f  one such contam inant [S taphy lococcus au rea s l and c u l t iv a t io n  o f  i t  
in  C a rlsson*s  d i f fu s a te  medium w ith o u t pH c o n tro l re vea led  th a t  i t  o ld  no t 
produce any p re c ip ite .b le  ca rbohydra te  when the  su p e rn a ta n t was in cuba ted  
vd th  sucrose.
In  one contam inated cu ltu i'-e  the  contam inant was no t id e n t i f ie d ,  b u t appeared 
to  be e, member o f  th e  Pseudomonas spec ies  due to  th e  p ro d u c tio n  o f  an c i l y ,  
f lu o re s c e n t green pigments
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FIG*3,15 'n-IE EFFECT OF pH CONTROL ON DEXTRANSUCRASE PRGDUCTinN
AT pH 6, 7 AND 0,♦I iTtam j n
The s p e c i f ic  a c t i v i t i e s  o f  dax transucm se  produced when vS.sanquls was 
g)t)wn a t  pH 6*1 -  0»1, 7«1 •- 0-1  and 8*1 -  Q, 1 e re  b raugh t to g e th e r  in
t h is  f ig u r e  (frem  F ig s , 3.10, 3̂ 12 and 3.14) f o r  pwrposes o f  comparison.
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FIG. 3.16 THE EFFECT OF pH CONTROL ON DEXTRANSUCRASE PRODUCTION
AT pH G'S, ? AND 7 -So
«*Etie..-tofen$.jaîX»ii!i»miuwiediruum3atT*A»iy!roi<?rtvacjsufiûr7tTB2it
The s p e c i f ic  a c t i v i t i e s  o f  dextransuerase  produced when S .sanqu ia  was«SM*rtxaArtyTn?*-̂<.V3y:r-iuaa.iïy!3
grown a t  pH 6 "6  -  0 *1 , 7*1 •- 0 = 1 and 7=S -  0*1 are  b rough t to g e th e r in  
t h is  graph (from  F igso3,11,3.12and 3,14) f o r  purposes o f  comparison.
90
S P E C I F I C
f t C T I V I T Y
OF
O E . X T R A f i -  
S U C R A S E  
(ino/my  






T I M E  ( h )
FIG.3.17 ™
ÜEXIRANbUCRA&L BY S ,sannu is  AT pH G«G Z 0 ,3
SÜO nû C a rl S sun* S d i f fu s a te  medium was in o c u la te d  w ith  a S'» S f 16h c u ltu re  
37°C, w ith  s t i r r i n g .  The pH was m a in ta ined  a t  6 '-6  t 0*1 , 
One c u ltu re  was contam inated vd,th S taphylococcus auraas t i t  zest'3 tim e .4MXC1 «̂KrwtrxwwK iv£ »œti&-T3KrtÆ»iw*nrtr' «ni'.rŝ-'A'iw'v
A liq u o ts  o f  su pe rn a ta n t were assayed f o r  dextransucrase  a c t i v i t y  as 
de sc rib e d  in  S e c tio n  2 .15 .211  and f o r  p ro te in  by the  Lowry method. The 
s p e c i f ic  a c t i v i t y  o f  d e x tra n suerase i s  th e  amount o f  p r e c ip ita b le  carbo­




S P E C I F I C
A C T I V I T Y
" f  4.
D EXTRA N -  
S U C R A S E  
(m o  jm 
P R O T E l l^ ’i.O
a
C O H T A M m S T E D  C U L T U R E
PURE CULTURE
T l M E i i i )
FIG ,3.13 THE EFFECT OF CONTAMINATING BACTERIA ON THE PRODUCTION CF 
DEXTRANSUCRASE BY B .aanquis AT pH 7 *1 ^ . o ° l .6ïtto*iar»Tainir̂,4r*:»iuiAUitistx*4™ssiWiŝ«ti'ir
The expe rim e n ta l procedure was the  same as th a t  shown in  F ig .3,17 excep t
th a t  the  pH was m a in ta ined  a t  7«1 E o » i, The contam inant vjas S taoh.aureas.
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The in c re a se  in  dex transucrass  a c t i v i t y  i n  contam inated c u ltu re s  (a p p ro x i­
m a te ly  4 “  7 tim es  th a t  in  uncontam inated c u ltu re s ]  became apparen t when 
th e  degree o f  co n ta m in a tio n  was so lov/ th a t  i t  was n o t d e te c ta b le  by an 
exam ina tion  o f  Gram s ta in e d  s l id e  p re p a ra tio n s  o r  p la t in g  o u t on b lood 
aga r e .g . In  th e  expe rim ent shown in  F ig .3.17 con tam in a tion  was n o t d e tec ted  
u n t i l  the  14h sample by which tim e  the  enzyme a c t i v i t y  had. reached fo u r  
tim es the  va lu e  o f  the  uncontam inated sample.
R e-exam ination o f  th e  in o c u la t io n  c u ltu re  a t  t h is  stage reve a le d  th e  
presence o f  contam inants (p re v io u s ly  unde tec ted ] in d ic a t in g  th a t  contam ina.- 
t io n  had been p re se n t a t  t h is  s tage ,
3 ,2 ,5  C onclus ions. Of those examined, a 2* IG li inocu lum  bes t f u l f i l l e d  
th e  requ ire m en t f o r  a c o n v e n ie n tly  prepared inoculum  which i n i t i a t e s  ra p id  
p ro d u c tio n  o f  la rg e  amounts o f  dextransuerase  ( F ig ,3.19 ] ,
The optimum pH f o r  p ro d u c tio n  o f  dextransu  erase under the  cond iti.ons  
employed was found to  be in  the  re g io n  o f  7*1 -  0»1.
Growth o f  S ,sangu is  in  mixed c u ltu re  w ith  Staph, aureas in c re a se d  th e  y ie ld  
o f  dextransue rase . I t  i s  suggested th a t  t h is  m igh t be due to  th e  produc­
t io n  o r  ramoval o f  some fa c to r  by Staph, aureas which prcrnotes dex tra n su e ra se 
p ro d u c tio n  by S ,sang u is .
The g re a t in c re a se  in  dex transue rase  a c t i v i t y  observed a t  ve ry  low  le v e ls  
o f  co n tam in a tion  suggests th a t  any such fa c to r  produced by Staph, aureas 
must be a c t iv e  in ' ve ry  low  c o n c e n tra tio n . T h is  f a c to r  m igh t be c a ta la s e , 
which has rts c e n tly  been shown to  promote qraw th o f  S .sannu is  fsee Becbicn 11121 
when grawn in  the  presence o f  oxygen.
Staph, ciureas and a l l  members o f  th e  Pseudomonas species produce ca ta la se  
( ïo p le y  and W ilson , 1966].
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FIG. 3.19 THE EFFECT OF A 2-9f: INOCULUM OF A 16h CULTURE OF S.sancîbis 
m  SUBSEQUENT GROWTH AND DEXTRANSUCRASE PRODUCflONT
200 ml- CarlssorO s d i f fu s a te  medium was in o c u la te d  w it t i 5 ml o f  a 16h
c u ltu re  o f  S. sanguis and m a lnm ined  a t  37^C, w ith  shaking . Samples
«FsÿiT,-ai^Cïjrr*3»:t2i*>*ÿ«dCvfO 2 r
were removed a t  l<nowii tim e  in te r v a ls  and the pH (o -  -  a ) end e x t in c t io n  
a t  640 nm (/Si—— a ] measured, A liq u o ts  o f  supe rn a ta n t were assayed f o r  
dextransucrase  (o — -  sa) es describ ed  in  S e c tion  2 ,1 5 .2 i i .
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3 .3  DEXTRANSUCRASE PRODUCTION PATTERNS
~r~i— I   nTninm‘n^tTr~rirmi-riT-irm-rti-Ti n r,'r"i—n-i— rmTm#rrrirrr-mTTiTTr-mirrTfm'r-r
A t a l l  pH va lu e s  s tu d ie d , the  change in  s p e c i f ic  a c t i v i t y  o f  dex transucrase  
w ith  tim e  was seen to  fo l lo w  a t r ip h a s ic  p a tte rn  (Eigs,3.15-3.16). The r e s u lts  
o f  those experim ents are  recorded  on two separa te  graphs f o r  the  sake o f  
s im p l ic i t y .
3 ,3 ,1  C onc lus ions . The e la b o ra t io n  o f  th re e  peaks o f  dex transucrase  p ro ­
d u c tio n  cou ld  be due t o : -
( i )  th e  presence o f  p ro fe sse s  v/liich  break- down the  dextransucrase^ 
perhaps a t  v a ry in g  ra te s ,a s  i t  i s  formed o r  dextranases which 
h yd ro lyse  th e  d e x tra n  formed by the  dextransucx'ase in  th e  assay 
procedure .
[ i i )  f lu c tu a t io n s  in  th e  le v e l  o f  unknown a d d it io n a l f a c to r / s
necessary f o r  d e x tra n  p ro d u c tio n , o r  changes in  the  concen tra ­
t io n  o f  an a c t iv a to r  o r  in h ib i t o r .
( i i i )  fa c to rs  in f lu e n c in g  re le a s e  o f  the  enzyme from  th e  c e l ls ,  
e .g . in t r a c e l lu la r  and c e l l  membrane bound enzyme may be 
re lea sed  by l y s is  o f  th e  c e l ls  upon death (See S e c tio n  1 .4 .4 .  )»
( iv )  the  e la b o ra t io n  o f  a m u lti-enzym e system.
ProteasBS and dextranases would be expected to  cause a re d u c tio n  in  the  
amount o f  dex tran  form ed, b u t n o t to  a l t e r  the  s t ru c tu re  o f  the  d e x tra n . 
F u r th e r  evidence has been p u t fo rw a rd  by o th e r  w orkers v/hich in d ic a te s  
th a t  5 , sanguis 804 does n o t produce dextranaso (See S e c tion  1 4 .4 . 1. 
S im i la r ly  fa c to rs  necessary f o r  d e x tra n  p ro d u c tio n  o r  re le a se  o f  d e x tra n -  
su erase from  the  c e l l  would be expected to  a f f e c t  t l ie  amount o f  de x tra n  
o n ly .
However, i f  the  e la b o ra t io n  o f  a m u lti-enzym e system were, re s p o n s ib le  
f o r  th e  peaks o f  enzyme a c t i v i t y ,  changes in  the  s t ru c tu re  o f  th e  de x tra n  
would be expected w it) i each enzyme o r  com bina tion  o f  enzymes p re se n t in  
th e  c u ltu re  f l u i d .
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I n  o rd e r  to  in v e s t ig a te  vjhether the  s t ru c tu re  o f  th e  d e x tra n  changes from  
one peak to  th e  n e x t o r  n o t,  i t  v,rauld be necessary to  produce d e x tra n
from  ead i o f  the  th re e  phases o f  enzyme p ro d u c tio n , prspa i'e  d e x tra n  fram  the  
c u ltu re  supe rn a ta n t and, a f t e r  c h a ra c te r is in g  th e  p r e c ip i ta te  as d e x tra n , 
to  examine i t  s t r u c tu r a l ly ,  . D extrans I ,  I I  and I I I  ware prepared from  
peaks I ,  I I  and I I I  re s p e c t iv e ly  o f  a c u ltu re  grown a t  pH ?< 1 -  0 = 1 ( F ig ,3,12}, 
I t  would a ls o  be o f  in te r e s t ,  to  a tte m p t p u r i f ic a t io n  o f  enzyme prepared from  
each phase in  o rd e r  to  see i f  more than  one enzyme cou ld  be d is t in g u is h e d .
3 ,4  CHARACTERISATION OF THE PRODUCTS OF THE ACTION OF 
DEXTRANSUCRASE ON SUCROSE*Kactfca:>jprig»cjsai.irtiufc*g*jaaPta'jift‘ttecta3maTwtticpwap̂ynxgrara.‘*>v<ifcijM»tjaBit»
3 .4 .1  G a s - liq u id  chromatog ranhy . The chromatographs f o r  the  p re p a ra tio n s  
from  a l l  th re e  phases o f  enzyme a c t i v i t y  revea led  two m a jo r oeaks which 
corresponded vd th  those  o b ta in e d  f o r  a g lucose s tandard  (F ig ,3,20 ) ,  D extrans 
I  and I I  produced a m ino r peak c o rre s p o n d in g 'to  a tra c e  o f  f ru c to s e  and 
D extran  I  a m ino r u n id e n t i f ie d  peak. The chrom atograpiis in d ic a te  th a t  a l l  
th re e  p ré p a ra tio n s  c o n ta in  g lucose  as th e  p r in c ip a l ca rbohydra te  and th a t  
th e y  c o n ta in  a t  le a s t  9Qÿ g lucose ,
3 .4 .2  A n a ly s is  o f  a c id ic  h y d ro ly s a te s . The th re e  p re p a ra tio n s  c o n s is t  o f
8 6 92'^8̂ /c and 82*9% ca rbohydra te  re s p e c t iv e ly  when measured by the  p h e n o l/ 
H^SO^ method and 90"5%, 97*6% and 63*1% glucose when measured by the  g lucose  
oxictose method (Tab le  3,1 ) ,  Homaver, o f  the ca rbohydra te  f r a c t io n  o f  the  
p re p a ra t io n s , a l l  th re e  c o n s is t  h n t i r a ly  o f  g lucose ,
Glucans o f  known s t ru c tu re  were in c lu d e d  f o r  purposes o f  comparison (Tab le  3,11
and g lucose and d e x tra n  T20G0 s tanda rds  vare a ls o  assayed. Tfie g lucans avB
a l l  honiopclymers o f  g lucose  vjhich had been dîried to  co n s ta n t w e igh t to  p re ­
c lude  any e r ro r  due to  m o is tu re  co n te n t. N igeran appeared to  be contam inated 
w ith  some carbohydra te  o th e r  than  g lucose (Tab le  3,1 ) ,  L a n d n a r in ,. am ylo- 
pB C tin j g lycogen, mutan 1. mutan 2 and d e x tra n  T200D c o n s is te d  o f  90-10Œ- 
ca rboh yd ra te , when measured by the phenol/H  SO method and t h is  ca rbohydra te  
Wcis g lucose . B^glucan prepared from  A .n id u la n s  by the  method o f  Zonnev/eldKaQ̂:̂T̂r<vR¥*?!ïrNnr.ïTiw,'>iy»
(19713 was contam inated w ith  a la rg e  amount o f  non -ca rbohyd ra ia  m a t:e ria l.
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However* the carbohydra te  in  t h is  p iT ipa ra tion  was a lm ost e n t i r e ly  g lucose,
3 .4 .3  S p e c if ic  agg rega tion  o f  S.mutans. The a d d it io n  o f  dex tran  to  washed 
c e l ls  o f  S.mutans causes s p e c i f ic  aag rega tion  o f  the  c e l ls  [see S ection  1 .2 ,6 .1 , 
T h is  procedure can be used to  d e te c t the presence o f  dex tran .
Dextran I *  I I *■ I I I  and T2000 and mutan 1 a l l  in i t ia t e d  agg re ga tion  o f  the  
c e l ls  im m ed ia te ly  a f t e r  t h e i r  a d d it io n .  Am ylopectin* g lycogen and g lucose 
d id  n o t aggregate the  c e l ls  even a f t e r  a 24h. in c u b a tio n  p e rio d . No au to ­
a g g lu t in a t io n  was observed in  the  c o n tro ls .  A ggregation  was n o t im m ed ia te ly  
apparen t in  the  p re p a ra tio n  c o n ta in in g  mutan 2 b u t was observed a f te r  24h. 
in c u b a tio n . fvlutan 2 , which i s  a f la k y ,  w h ite  s o l id ,  i s  o n ly  s l i g h t ly  s o lu b le  
in  the  b u f fe r  and the  amount o f  mutan 2 a v a ila b le  to  the  c e l ls  may be too 
sm a ll to  induce a g g re ga tion . The o th e r  dextran  p ra p a ra tio n s  were f in e ly  
d iv id e d  w h ite  powders o f fe r in g  a la rg e r  su rface  er*ea to  the  c e l ls .  Aggrega­
t io n  m igh t, th e re fo re , be expected to  occur more ra p id ly  f o r  these p re p a ra tio n s  
than f o r  mutan 2.
f i )  E le c tro n  m icroscopy. The e le c tro n  m icrographs o f  the  segregated
c e l ls  revea led  clumps o f  cocco iri organisms coated w ith  an e le c tro n -  
dense la y e r .  T h is  la y e r  appeared to  c o n s is t o f  g lo b u le s  a p p ro x i-  
m ate ly Cî Q2B̂  in  d iam e te r and s h o r t “ b r id g e s ’ c o n s is t in g  o f  chains 
o f  the^SG g lo b u le s  appeared to  be l in k in g  c e l ls  in  some o f  the p re ­
p a ra tio n s  (P la te s  3,1-3.^. The c o n tro l c e l ls  which wsi’e no t aggre­
gated d id  n o t possess such a co a tin g ,
3 .4 .4  C onclusions, The g a s - l iq u id  chromatnqraohs and a c id ic  h v d ro lysa te  
ana lyses revea led  th a t  th e  p roduc ts  from  peaks 1, I I  and I I I  were a t  le a s t  
80}:' carbohydra te  and th a t  v i r t u a l l y  a l l  o f  the  carbohydra te  was g lucose. The 
c lose  agreairient beiof/Gen g lucose and t o t a l  carbohydra te  essays suggests th a t  
th e  con tam ina ting  m a te r ia l i s  n o t carbohydra te  and w i l l  n o t in te r fe r e  w ith  
Cybulskei and Paku la ’ s m o d ifie d  dextransucre.se assay. The con tam ina ting  
m a te r ia l may he p ro te in  which i s  p re c ip ita te d  under c o n d it io n s  s im i la r  to
01
a . AT es ELECTADM KVICROGRAPMS G- AGGREGATED CELLS CF S,MU1'ANS«tTMVA ■Si.f» OtJwsr tt/ym JWAVni s-n-l*U:-K'cvsa.-i tVJïiMS'S;
,9Washed c e l ls  o f  S.mutans OMZ 176 (lO ' c e l ls /m l.  0«0G7M sodium 
phosphate bufPer^ pH 8»o) aggregated In  the  presence o f  d e x tra n  12000 
o r  d e x tra n  Ï I Ï ' . ,  The aggregated c e l ls  were washed in  b u f fe r  and d is ­
t i l l e d  watery and d r ie d  in  a i r  on e le c tro n  m icroscope g r id s .  They 
were then examined under the  e le c tro n  m icroscope.
P la te  3 o l.  Aggregated c e l ls  o f  S.mutans s ta in e d  by Gramas methodt̂c>UK7U/fcnAi„cKi3rrutxz
as seen under the  l i g h t  m icroscope. M a g n if ic a t io n  x 
IjOGOu
P la te  3 .2  C e lls  o f  8 ,mutans s in g ly  and in  p a irs  coated by a
eUliïïL-ÏÏV^Ï«S3£F133G<rï*l7» W  V r /
f i b r i l l a r  e le c tro n  dense m a te r ia l.  M a g n if ic a t io n  x 
20pODD.
P la te  3o3 D extran  T2ÜQÜ aggregated c e l ls  o f  S.mutans coated by 
a g lo b u la r  e le c tro n  dense m a te r ia l.  Chains o f  
g lo b u le s  a re  a ls o  v is ib le .  M a g n if ic a t io n  x 45,000. 
P la te  3 ,4  D extran  I I I  aggregated c e l ls  o f  S.mutans dem o n s tra tin ga<m37W5iÆcrairai«asji
the  presence o f  ®bridges® o f  e le c tro n  dense m a te r ia l 










those  re q u ire d  f o r  p r e c ip i t a t io n  o f  de x tra n .
The a gg re ga tion  o f  c e l ls  o f  S.mutans in  the  presence o f  each o f  the  th re eK'v.rioFtsiaiK'.ttJiVfsXaixyej
p re p a ra tio n s  in d ic a te s  th a t  a l l  th re e  p i-sp a ra tio n s  a re  ’"d e x tra n - lik e 'L
3 .S .1  I n f r ’a - re d  spectrgscop)/, F ig «3,21 dem onstrates the  appearance o f  it te  
in f r a - r a d  spectrum ob ta in e d  f o r  d e x tra n  T2000. The peaks in d ic a t iv e  o f  ex.- 
and p -g lu c a n s  occu r in  the  re g io n  600 -  1000 ' and t h is  re g io n  from  the
spectrum  f o r  each g lucan  has been reproduced in  F ig s «3,22-3.23Jhe g lucans were 
a l l  homopolymers o f  g lucose  w ith  known s t r i îc tu re s  which had undergone a c id ic  
h y d ro ly s is  (S e c tio n  2 ,1 0 .2 )  to  de te rm ine  t h e i r  degree o f  p u r i t y .  G lucans 
w ith  d i f f e r e n t  p ro p o r t io n s  o f  c£-(l” ÿ 6 } - ,  c t- ( l~ v 3 ) -3 < X - '( l-^ 4 ) , p - ( l —f3) and 
p  " - ( l - ÿ S ) -  lin k a g e s  were in c lu d e d  f o r  œmparf.son w ith  the  p re p a ra tio n s  from  
peaks Ï ,  I I  and I I I  in  o rd e r  to  g a in  some in fo rm a tio n  about the  types  o f  
lin k a g e  p re se n t in  these p re p a ra t io n s .
Comparison o f  the  s p e c tra  re v e a ls  va rla tâ -ons between them in  the  presence 
o r  absence o f  the  peaks and in  the  s iz e s  o f  those peaks. Absorbance in  
t f '18 re g io n  760-775 and 905^"930 i s  a t t r ib u te d  to  th e  praaencs of 
pyranose r in g  b re a th in g  and can be de te c te d  in  a l l  the  g lucans excep t 
la m in a r !n  (a p -g lu c a n  c o n ta in in g  ^ - ( l - > 3 ) -  and lin k a g e s  in  th e
r a t io  1 s l ) .  T h is  g lucan  has a paak in  th s  re g io n  o f  780 cm'"" which i s
««.J
in d ic a t iv e  o f  ̂ --g lucopyranose r’in g  b re a th in g  and a t  618 cm which t y p i f ie s
a p - l in k a g e .  The paak o b ta in e d  in  the  re g io n  837-8SO f o r  e l l  o f  the
g lucans excep t la m in a r in  i s  due to  the  prasence o f  an or.-linkage. I t  i s  
now g e n e ra lly  accepted th a t  the  presence o f  a '-( l"? 3 )™  lin k a g e s  as branch 
p o in ts  i s  v e r i f ie d  by absorbance a t  790 cm"" (Heyn, 1974) and such lin k a g e s  
era  d is c e rn a b le  f o r  rdgeran  (c o n ta in s  d -(l-% 3)™  and c C -( l-> 4 )-  lin k a g e s  
in  t l ie  r a t io  1 î l ) ,  d e x tra n  I ,  d e x tra n  I I  and mutan 1. The pivDsence o f  
such a peek f o r  de x tra n  I I I  i s  n o t co m p le te ly  c le a r  b u t, i f  I t  i s  p re s e n t, 
















































FîG.3,22ÏNFfV\»»RED SPECTRA ÜBTAÎNED FOR GLUCANS IN THE REGION
600 -  1000 CM- f̂v/AVENUMGER, )
*t'* c iPJf-u.'acfcg»aqrtwf%ffa*jff.'Vis»-n rsfrwrvcrarkkCcwn-iM ewiAPwa h.t* sarsy. a> ̂
The expe rim en ta l procedure v/as the  same as in  F ig„3 ,21Jhat s e c tio n  o f  
each spectrum between wavenumbers 1000 and 600 and above the  l in e  
in d ic a t in g  5Cf/r tra n s m itta n c e  i s  i l lu s t r a t e d .  The r e s t  o f  the  spectrum 
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F IG ,3.23INFRA-RED SPECTRA OF GLUCANS,
Ths experj.m ental procédure was the  same as in  F ig , 3.23', A s e c tio n
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marked than th a t  f o r  dextrans I  and Ï I ,  The spec tra  f o r  dex tran  Ï H  and 
mutan (64°/o linkagesp  IfiP/? 0C-(1h 6)«* linke iges) ~ Guggenheim, 1969,
a re  ve ry  s im ila r .
No in fo rm a tio n  is  a t  p resen t a v a ila b le  rega rd ing  the  p o s it io n  o f  peaks 
in d ic a t iv e  o f  c r - ( l-4  3 )- ' lin k a g e s  in  the  backbone o f  the  dex tran  cha in ,
3 .5 ,2  Enzymic deg rada tion . Figs. 3.24-3,2^ show the  in c re a se  in  reduc ing  
power which was ob ta ined  on enzymic deg rada tion  o f  g lucans vd th  mutanase 
end dextranase re s p e c t iv e ly ,  Mutanase ra p id ly  hydro lysed  la m in a r in ,  
am y lopec tin  and glycogen suggesting  con tam ina tion  o f  th s  enzyme p re p a ra tio n  
by cx-amylase and enzymes capable o f  degrading la m in a r in . Mutans 1 and 2 
were bïeken down to  a le s s e r  e x te n t ( F ig ,3.24] b u t, o f  the  th re e  dex tran  
p re p a ra tio n s  o n ly  Dextran I  was degmded and t h is  was o n ly  to  a ve ry  l im ite d  
e x te n t, Dextran T200Q was n o t hyd ro lysed , Dextranase hyd ro lyse d , dex tran  
T2000, dextrans I ,  I I  and I I I  end th s  tm  mutan p re p a ra tio n s . . Of the  th re e  
d ex trans  p ioparod from S ^ ^ n g u ie  supe rn a ta n t, dex tran  I I  was most r e a d i ly  
hyd ro lysed  fo llo w e d  by dex tran  I  and then dex tran  I I I  which behaved in  a 
v e ry  s im il.a r  manner to  mutan 2 (F ig ,3,25), d '-am y la se  f a i le d  to  hyd ro lyse  
any o f  the  dexinrans o r  mutan b u t r e a d i ly  degraded glycogen and am ylopectin  
under the  same c o n d it io n s ,
3 *5 ,3  P e rioda te  o x id a t io n .  P e rio d a te  consumption by d ex tran  T2000, and 
mutans 1 and 2 reached com p le tion  w ith in  24h, Dextrans I ,  I I  and I I I  took  
s l i g h t l y  lo n g e r, le a ch in g  com p le tion  w ith in  40h (F ig , 3.26).
I n i t i a l l y ,  dex tran  I I  v/as more r a p id ly  o x id is e d  than dex tran  I I I  b u t, by 
th e  tim e o x id a t io n  had reached completd.on, dextrans I I  and I I I  had consumed 
equal q u a n t it ie s  o f  peri.odate .
The c a lc u la t io n  o f  the  p ro p o rt io n s  o f  lin k a g e  types in  dex tran  m olecu les 
from  the  ronsum ption o f  p e r io d a te  i s  exp la ined  in  S e c tio n  1 .3 .4 .1  . Using 
t h is  c a lc u la t io n ,  d ex tran  T2000 was found to  c o n s is t  o f  102/c * 1 - 6  like®
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FIGc 3 .̂4 ENZYMIC DEGRADATION OF GLUCANS 0Y MUTANASE 
The assay m ix tu re  con ta ined  1 ml mutanase (5 0 |^ m l)  in  0*SM sodium 
a c e ta te  b u f fe r ,  pH 4 '5  and 1 ml g lucan s o lu t io n  [5  mg/ml) in  the  
same b u f fe r .  A liq u o ts  (0*2  m l] were ï^moved a t  known tim e in te r v a ls  
and assayed f o r  reduc ing  bugar as m altose by the  Somogyi method, 
Lam inarin  am ylopectin  -4— a ] , glycogen ,
mutan 1 -  Schweizerschs mutan 2 -  OMZ 176 (ta •»-- e ) , dextran
I  ( a “ • a ) ,  dex tran  I I  (@ » ^ m ], dex tran  I I I  (o -  o) and dextran  T2000 
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Th© assay m ix tu re  contcîined 1 ml dextranase (6 * S ^ /m l)  in  0*2M sodium 
a ce ta te  b u f fe r ,  pH 4*5 and 1 ml g lucan s o lu t io n  (S mg/ml} in  the  same 
b u f fe r .  A liq u o ts  (0«2rnl] were removed a t  known tim e in te r v a ls  and 
assayed f o r  reduc ing  sugar, as m altose, by the Somogyi method, Wutan 1 
( □ « . . □  ] r mu tan  2 ( e ] , d ex tran  I  [ a— a ) , dex tran  11 (©- -  o ) ,
dax tran  I I I  (o —— o) and dex tran  T20Ü0 [ a — « c ) were the g lucans 
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FXGc3,26 PERIODATE CONSUMPTION BY GLUCANS 
Tho assay m ix tu re  corrbained o f  dextran  T20Ü0 ( A — , ,  A ] ^
dex tran  I  dex tran  I I  (o ^  -  o) j dextran  I I I  mu ten  1
( □ o . .  p) Î o r  mutan 2 (la -  -  8 ) in  CLOIM sodium m e ta -pe rioda te  s o lu t io n  
in  the  dai'k a t  4^Gc A liq u o ts  [3  m l] were removed a t  known tim e in te r v a ls  
and assayed f o r  p e rio d a te  co n te n t as in  S ection  2 .15 .3*
I t
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l in k a g e s  s d e x tra n  X o f  74^, da x tra n s  X I and I I I  o f  and mu tans  1 and 
2 o f  18" ŜD ®1 “ • 6 lik e ^ ' lin k a g e s . A llow ance v/as made in  the  c a lc u la t io n  
f o r  th e  degree o f  p u r ity /  o f  th a  de x tra n  p re p a ra tio n  (T ab le  3.1 ) assuming 
th a t  the  con ta m in a tin g  m a te r ia l does n o t consume p e r io d a te .
3 , So4 C onc lus ions, The in f r a - r a d  s o e c tra  suggest th a t  dex trans  I ,  I I  
and I I I  c o n s is t  o f  a -g lu co p y ra n o se  r in g  u n i ts  l in k e d  by d - ( l - 4 G]-' and 
lin k a g e s  b u t th a t  the  p ro p o rt io n s  o f  the  lin k a g e s  v a ry .
The r e s u lts  o f  th e  p e r io d a te  o x id a t io n  c o n f ira  a d if fe re n c e  in  p ro p o r t io n s  
o f  lin k a g e  types  between d e x tra n  I  and the  o th e r  two d e x tra n  p re p a ra t io n s y
b u t suggest th a t  dex trans  U  and I I I  c o n ta in  the  same p ro p o rt io n s  o f
6 ) “ l i k e '  and c£.“ (l-^3 ]« »  lin k a g e s .
O x id a tio n  o f  D extrans I ,  I I  and I I I  took  a lo n g e r p e r io d  o f  tim e  to  reach 
com p le tion  than th e  o th e r  d e x tra n  p re p a ra tio n s  and t h is  cou ld  have been 
due to  s lo w e r p e n e tra t io n  o f  the  d e x tra n  m olecu le by p e r io d a te  due to  the  
complex ® tree“ Iike®  s t ru c tu re  o f  d e x tra n . T h is  cou ld  in d ic a te  t f ia t  
de x tra n s  Xj. I I  and I I I  have a more complex s t ru c tu re  than d e x tra n  T20GD, 
D extran  I I  was i n i t i a l l y  more r a p id ly  o x id is e d  than d e x tra n  I I I  and t h is  
cou ld  in d ic a te  d if fe re n c e s  in  s t e r i c  arrangem ent o f  the  m olecu les.
Enzymic d e g ra da tion  by a -a jry lasB j, inutanase and dextranase suggest t h a t ; -  
( i )  th e re  a re  no c : - ( l~ ;  43 - lin k a g e s  in  dex trans  I ,  I I  o r  I I I ,
( i i )  th e re  a re  nocC“ ( l - y 3 ) -  lin k a g e s  in  dex trans  U  o r  I I I  b u t
th a t  de x tra n  I  c o n ta in s  a sm a ll p ro p o r t io n  o f  ^ - ( l - ^ S } -  lin k a g e s ,
( i i i )  a l l  th re e  d e x tran  p re p a ra tio n s  c o n ta in  lin k a g e s  *»
de x tra n  I I  hav ing  the  h ig h e s t p ro p o r t io n  fo llo w e d  by de x tra n  I  
and then d e x tra n  I I I ,
However, the  h ig h ly  branched n a tu re  o f  dex tran  m olecu les cou ld  cause s t e r ic  
h ind rance  o f  the  la rg e  enzyme m olecu le  p re v e n tin g  i t s  p e n e tra t io n  to  lin k a g e s  
s h ie ld e d  v / ith in  the m olecu le . T h is  cou ld  g iv e  e fa ls e  im p re ss io n  about the
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s t ru c tu r e  o f  a m o lecu le  -  a h ig h ly  branched one be ing  lo s s  s u s c e p tib le  
to  enzym ic breakdown than an unbranched one.
It can o n ly  be concluded, th e re fo re ,  th a t  de x tra n  I  i s  more' s u s c e p tib le  
to mutanase d e g ra d a tio n  than  d e x tra n s  IT  and I I I  and th a t  d e x tra n  U  i s  
most s u s c e p tib le  to  dex tranase , fo llo w e d  by dex tran  I  and then  d e x tra n  H I , ,  
The p u r i t y  and s p e c i f i c i t y  o f  mutanase i s  a ls o  in  q u e s tio n ,
Mutanase has n o t y e t  been f u l l y  in v e s t ig a te d  and i t  r e a d i ly  h y d ro lyse s  
a m y lo p e c tin , g lycogen and la m in a r in  (F ig ,  3.24), The presence o f  contam ina­
t in g  enzymes and a la c k  o f  knowledge o f  the  s p e c i f i c i t y  o f  mutanase makes 
any in te r p r e ta t io n  o f  the  r e s u l t s  q u e s tio n a b le .
However, th e  r e s u l t s  o f  th e  s t r u c tu r a l  s tu d ie s  on th e  th re e  d e x tra n  
p re p a ra t io n s  p re s e n t ev idence in d ic a t iv e  o f  d if fe re n c e s  in  t h e i r  
s t ru c tu r e .  These d if fe re n c e s  cou ld  be a t t r ib u ta b le  to  an in c re a s e  in  
m o le c u la r  w e ig h t o f  th e  d e x tra n  produced by success ive  enzyme camples,
1 ,6 , m o l.w t , ^ < m o l,w t , ^ j  <  m ol, w t, F u r th e r  s tu d ie s  would be necessary
to  a s c e r ta in  the  e x a c t n a tu re  o f  these  d iffe re n c e s *
3 ,6 .  PARTIAL PURIFICATION OF DEXT.RAM3UCRASE
3 ,6 ,1  H y d ro x y la n a tite  chrom atography. The dex transue rase  p re p a ra t io n  
used was s u p e rn a ta n t from  peak I I  o f  F ig , 3.12, I t  was in v e s t ig a te d  in  o rd e r  
to see i f  more than  one peak o f  enzyme a c t i v i t y  c o u ld  be found,
( i )  B a tch -w ise  e lu t io n . B a tch -w ise  e lu t io n  was n o t e n t i r e ly  s a t is ­
fa c to r y  as th e  enzyme v/as n o t e lu te d  s h a rp ly  (T ab le  3.2), I t  
was a le n g th y  p rocedure , v/orî<ing w ith  la rg e  volumes o f  l i q u id  
and th e  rocover)/ was low .
■ ( i i )  Column chrom atooraohy. The r e s u l t s  o f  an expe rim en t in  which
^  *  T y « T '-v ii- f ir  I  I -T 'i i i r - i  r mil i   nr*i r u n  ^
d e x transucrase  was adsorbed on to  h y d ro x y la p a t ite  and then 
e lu te d  w ith  phosphate b u f fe r  a f t e r  pack ing  in t o  a column are  
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Qc o n c e n tra tio n  c r y s ta l l is e d  o u t n f  s o lu t io n  a t  4 C, I t  m s  
necessary to  change to  potassium  phosphate b u f fe r ' which was 
s o lu b le  a t  a l l  c o n c e n tra tio n s  used a t  4°C.
E lu t io n  from  a column gave much more s a t is fa c to r y  r e s u lts  
a lthough  dextransucrase  was e lu te d  o ve r a f a i r l y  wide range 
o f  phosphate c o n c e n tra tio n s  and the  e lu t io n  p a t te rn  was h e te ro ­
geneous.
The assay o f  f r a c t io n s  f o r  dextransucrase  a c t i v i t y  was c a r r ie d  
o u t as in  S e c tio n  2 . 1 5 , 2 i i  b u t the  in c u b a tio n  p e r io d  was reduced 
fjrom 24h. to  4h due to  the  h igh  a c t i v i t y  o f  the  samples.
Samples w ith  h igh  enzyme a c t i v i t y  formed a dexti^an g e l w ith in  
4h. a llo w in g  them to  be r a p id ly  recogn ised and assayed.
The recovery  was o f  the  same o rd e r as batch e lu ti.o n  (35-40^^) 
bu t the  s p e c i f ic  a c t i v i t y  o f  th e  e lu a te  was much higher- as 
e lu t io n  con tinued  and the  f i n a l  volume o f  l iq u id  was s m a lle r  
(F ig , 3.2?]. A 2 6 u - fo ld  p u r i f ic a t io n  was ob ta ined  (Table  3 . 3 ] ,  
3 *6 .2  C onclusions, D extransucrase b inds to  h y d ro x y la p a t ite  from  which 
i t  can be e lu te d  w ith  a l in e a r  potassium  phosphate g ra d ie n t.  The 
h e te ro g e n e ity  o f  the  e lu t io n  p a t te rn  supports  the  v iew  th a t  th e re  i s  
more than one dextransucrase  in  the  supe rn a ta n t f lu id ,
3 .7 . PROPERTIES OF DEXTRANSUCRASE
3 ,7 ,1 ,  optimum pM, D extransucrase a c t i v i t y  was found to  be o p tim a l in  
th e  re g io n  S*1 -• ?5’5 w ith  a sharp drop in  a c t i v i t y  above pH 7«5 and a 
more g radua l f a l l  in  a c t i v i t y  below pH 5*1 to  zs2Xj a c t i v i t y  a t  3^7 
(F ig , 3.28], There was a s c a t te r  in  enzyme a c t i v i t y  in  the  re g io n  pH 
5»! -  7^5 which cou ld  n o t be a t t r ib u te d  to  th e  use o f  d i f f e r e n t  b u ffe rs , 
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FIG. 3.27HYDROXYLAPATn*E CHROMATOGRAPHY OF DEXTRANSUCRASE I I .*aiL'K:ĉ̂iaJÆ3ûSĴ'£rjtfnr~ïâBr:̂;:.zrTi'ST.>ÛX2îQi-î-.’'Mir£irC*il>̂̂>V3ï̂t3'=*iï'icl.'j â tE«cg=L»&vr JCJtrcLKcfw Trr.?:.nrfw %"*& ? wr«x\üa
C u ltu re  supe rna tan t from  phase I I  o f  a c u ltu re  o f  S .sanqu is  grown a t(*jerWKU>'wv~inkT:«M3h*L&fz#
'Î-pH 7*1 *“  O 'l  was e lu te d  from  a column o f  h y d ro x y la p a tite  v/ilth a l in e a r  
g ra d ie n t between 0*2M potassium  phosphate b u f fe r ,  pH 6*0 and l*-0i'.1 
potassium  phosphate b u f fe r ,  pH 6»G as described  in  S e c tio n  2 ,12 ,111 .
The U.Vc e x t in c t io n  a t  280 nm. was measured. Samples (0*5m l)
were assayed f o r  dextransucrase  as described  in  S e c tio n  2 .15 ,211 excep t 
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FIGL&28THE EFFECT OF pH ON DEXTRANSUCRASE ACTIVITY,
' The essay m ix tu re  con ta ined  0*Sml enzyme sample o f  phase I I  v^hich had 
- been par’t i a l l y  p u r i f ie d  by h y d ro x y la p a t ite  chromatography and 
b u ffe re d  sucrose s o lu t io n .  The samples %fere assayed f o r  d e x tra n - 
sucrasB as described  in  S e c tio n  2 ,1 5 .2 i i  b u t the  in c u b a tio n  p e rio d  
f o r  a l l  samples was reduced to  6h to  s im p l i f y  the  procedure.
ÏT
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T h is  s c a t te r  cou ld  be due to  the  presence o f  tv/o o r  more enzymes o f  
d i f f e r e n t  s p e c i f i c i t ie s .  The enzyme p r'epa ra tion  from  phase I I I  had 
been p a r t ia l l y  p u r i f ie d  by h y d ro x y la p a t ite  chromatography (S e c tio n  ,
3 .7 .2 ,  S t a b i l i t y ,
( i )  S to rage , Crude supe rn a ta n t samples cou ld  be m a in ta ined  a t  
4°C f o r  an hou r w ith o u t any lo s s  o f  a c t iv i t y ,  p rov ided  
the pH was in  the  range 6 -  7«»5, S torage a t  4 C f o r  p ro ­
longed p e rio d s  was accompanied by a f a i r l y  ra p id  lo s s  o f  
a c t iv i t y .  P a r t ia l ly  p u r i f ie d  samples d id  n o t lo se  t h e i r  
a c t i v i t y  so r a p id ly  (F ig , 3,29),
S torage a t  -20°C was accompanied by a marked I n i t i a l  drop 
in  a c t i v i t y  ( lo s s  o f  iO/Q v i t h in  3 days fo llo w e d  by a more 
g radua l lo s s  ( to  S% o f  o r ig in a l  a c t iv i t y )  by 35 days,
( i i )  t||fJQdlin£, Repeated f re e z in g  and thaw ing o f  enzyme samples 
caused a g radu a l drop in  a c t i v i t y  (35-GOÿ a c t i v i t y  lo s t  
a f t e r  fre e z in g  and thaw ing  fo u r  timeE^)^F%g, 3.30,
3 .7 .3 ,  C onclusions, The pH optimum curve o f  the  dextransucrase  pre^- 
p a ra t io n  used e x h ib ite d  a ® sca tte r* o f  enzyme a c t i v i t y  in  the  re g io n  
pH 50- *"• 7 *5 . Howeverj t h is  enzyme p re p a ra tio n  had been p a r t ia l l y  
p u r i f ie d  and a crude sample o r  one th a t  had been harvested  from  ano the r 
phase o f  enzyme p ro d u c tio n  be fo re  p u r i f ic a t io n  m igh t g iv e  a d i f f e r e n t  
p a t te rn .
The re p ro d u c ib le  s c a t te r  cou ld  be due to  the  prosenca o f  a p a r t ic u la r  
com bination  o f  enzymes o f  d i f f e r e n t  s p e c i f i c i t ie s ,  Ihe  enzyme o r  
enzymes ra p id ly  lo s e  a c tiv a .ty  about pH 7<?6 and below pH S^S,
TTiis cou ld  e x p la in  the  ra p id  lo s s  o f  onzymie a c t i v i t y  in  c u ltu re s  o f  
S ,sangu is  w ith o u t pH c o n tro l ( F ig .3.2 ) when the  pH f a l l s  below 5^4.
I t  a ls o  e x p la in s  the  low  enzyme a c t i v i t y  in  c u ltu re s  m a in ta ined  a t  
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FIG.3.29THE EFFECT OF STOPAGE AT ON DEXTRANSUCIV.SE ACTIVITY. -
An enzyme sample (a ) which had been p a r t ia l l y  p u rf- f ie d  by h y d ro x y la p a tite  
chromatography ( s p e c if ic  a c t i v i t y  9*2 mg/mg p ro te in )  was d i lu te d  1 î 1 (B) 
1 : 9 (C) and 1 s 19 (O) w ith  0,*IM sodium phosphate b u f fe r ,  pH 7 -0  and 
assayed f o r  dextransucrase a c t i v i t y  as described in  S e c tion  2 ,15 ,211 ,
They were then s to re d  a t  4°C f o r  up to  19h and assayed a t  known tim e 
in te r v a ls .
2 * 0 ï
122
D E X T R f \ H  
P R O D U C E D  
( m o / m l  )
10
11 A2 Di Aa B' A 5  B/
FIG,3,30THE: effect of fr eezin g  and 'I>IAWÏNG on DEXTFiAMSUCRASE ACTIVITY.
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A sample o f  crude su pe rn a ta n t from  phase ! n i  o f  a c u ltu re  grown a t  pH 
7«1 — □'■•1 was assayed f o r  dextransucrase  a c t iv i t y  as described  in  S e c tio n  
2 f .1 5 .2 ii "  (A ^ ), s to re d  a t  f o r  th re e  days and thawed. I t  was aga in
assayed f o r  dextransucrase  a c t i v i t y  (A^J, fro z e n , im m ed ia te ly  thawed and 
essayed aga in  (A ^). T h is  was repeated tw ic e  more (A^ and A ^), A second 
enzyme sample from  phase XX o f  a c u ltu re  grown a t  pH 7*1 -  0*1 was s im i la r ly  
fro z e n  and tfiavved fo u r  tim es in  î-ap id succession and the  dextransucrase 
c o n te n t assayed a t  each stage and re s p e c t iv e ly ] .
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The enzyme i s  f a i r l y  s ta b le  f o r  s h o r t p e rio ds  a t  4 °C . and can be s to re d
£3f o r  lo n g e r p e rio d s  a t  -SO C. However, the  fre e z in g  and thaw ing o f  these 
samples causes lo s s  o f  8-15°/o o f  the  enzyme a c t iv i t y  each tdune.
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4„ D iscu ss io n  and C onc lus ions .
c:*AW,;/.cyiKjt.s^crLirja3>h'^.Txi2nitesn'«vi>fliit-i3rjA2w#.iti>-=r^.iriCW*kit/trt«s.idn4e«5UHW
Sesannu is 804 produces c o n s t itu t iv e n  e x t r a c e l lu la r  d e x transucrase  when grown 
in  C a rlsso rF s  d i f fu s a te  medium in  ba tch  c u ltu re  a t  37^C w ith  c o n s ta n t s t i r - -  
rii'K jo The organism  i s  m ic ro a e ro p h ilic  b u t grows r a p id ly  under the  above 
cond i t io n s  j, w ith  the  p ro d u c tio n  o f  la rg e  amounts o f  a c id  g le a d in g  to  a ra p id  
drop in  pH to  va lu e s  o f  a p p ro x im a te ly  5 and c e s s a tio n  o f  grow tli,, However, 
work by Rosari and E isenberg  (1973) in d ic a te s  th a t  in  the  presence o f  even 
m inute  amounts o f  oxygen. S ,sang u is  produces hydrogen p e ro x id e  which b u ild s  
up g le a d in g  to  in h ib i t io n  o f  g row th (Oonaghue, 1974} and t h is  m ig h t be expected 
to  o c œ r under the  above c o n d it io n s .  ThiSg in  tu rn ,  m ig h t le a d  to  decreased 
d e x transucrase  p ro d u c tio n . I t  was n o t p o s s ib le  to  exandne the  e f f e c t  o f  the  
con tam inan t on grow th o f  S« sangu is  as th e  b a c te id a  aggregated and th e re  v/as 
in s u f f i c ie n t  tim e . However, Holrnbeïg and H o lla n d e r (1973} have shown th a t  
a d d it io n  o f  catalasse to  th e  c u ltu re  medium p r io r  to  in o c u la t io n  w ith  S, sangu is«£1 9A*Q3rtoÆV-»l.>X̂<t.-7î.
d id  p re ve n t the  grow th in h ib i t io n  a t t r ib u te d  to  hydrogen p e ro x id e . The 
e f fe c t  o f  hydrogen p e ro x id e  bu ild "-up  on dex transucrase  p ro d u c tio n  has n o t been 
in v e s t ig a te d  by these w o rke rs .
Growth! and dex tra n su c ra se  p ro d u c tio n  by S ,sanqu is  804 ceased when the  cH f e l l•■»£f.îM?AXKM?5act'̂?«a«i5«4lS '
below Sa 2 and the  g lucose  in  th e  medium had been u t i l i s e d .
The c e s s a tio n  o f  grow th may have been due to  the  b u ild -u p  o f  hydrogen p e ro x id e , 
as a lre a d y  d iscussed , o r  o f  some o th e r  nox ious substance. A l te r n a t iv e ly ,  i t  
iîiay bü due to  d e p le t io n  o f  g lucose  from  the  medium, ove rc row d ing  o f  b a c te r ia ,  
an u n fa vo u ra b le  pH o r  to  a com b ina tion  o f  these fa c to rs .
When growth ceases, d e x transucrase  le v e ls  d e c lin e  o n ly  s lo w ly  a t  f i r s t  
( F ig ,3 , 2 } V Thus the  ra te  o f  lo s s  o f  enzyme a c t i v i t y  which may be due to  
d e g ra d a tio n  by p ro teases  re le a s e d  in to  th e  medium, d é n a tu ra tio n  o r  i n s t a b i l i t y  
o f  the  enzyme a t  th e  low  pH, i s  g re a te r  than the  ra te  o f  enzyme p ro d u c tio n . 
C a rlsson  e t  a l  (1969} have shown th a t  dex transucrase  from  S .sang u is  804 
rem ains s ta b le  f o r  o n ly  Ih  a t  37^0 in  the  pH range 5 ” 2 8 -5  and th a t  lo s s
o f  a c t i v i t y  i s  more ra p id  a t  lo w e r pH va lues* I t  seems l i k e l y ,  th e re fo re ,
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th a t  the  lo s s  o f  enzyme a c t i v i t y  i s  due to  i t s  i n s t a b i l i t y  a t  37^*C and
p a r t ic u la r ly  a t  low  pH* P ro teases re le a se d  in to  the  medium by the b a c te r ia
may a ls o  c o n tr ib u te  to  dextr^ansucrase breakdown as m ig h t hydrogen pe rox ide
accum u la tion  a M aintenance o f  t l io  pH a t  va lues  above 5 and below 5 has
been shown to  g iv e  im proved grow th  and dextransucrase  y ie ld s  w ith  optimum
*!-dex transucrase  p ro d u c tio n  a t  pH 7^1 ™ 0*1- sangu is  w i l l  n o t grow below 
pH 5*0 which cou ld  e x p la in  the  c e s s a tio n  o f  growth in  the batch c u ltu re  when 
the  pH f e l l  below 5»2s However, the  g ra d u a l drop in  pH from  th e  i n i t i a l  
6*0 — 7*0 o f  the medium to  5*2 may have a llow ed  the  organism  to  a c c lim a t is e  
g ra d u a lly  to  the  low  pH and t h is  may n o t have been th e  o n ly  fa c to r  in v o lv e d  
in  p re v e n tin g  g rov /th , Even a t  more fa v o u ra b le  pH va lues  grow th ceased when 
a l l  th e  g lucose  had been de p le te d  (F ig ,  3 , I 2 j .
D extransucrase p ro d u c tio n  by Sbsanguis 80/3 was g r e a t ly  im proved by the  
presence o f  a ver>* s m a ll p ro p o r t io n  o f  S taph ,aurons o r  o f  a Pseudomonas 
spec ies  as contam inant* One p o s s ib le  b u t te n ta t iv e  e x p la n a tio n  o f  t h is  
m ig h t bo th a t  the  presence o f  ca ta la s e  produced by the  con tam inan t d isp e rse d  
the  hydrogen p e ro x id e  a ccum u la ting  in  the  medium and a llo w e d  grow th o f  
S .sangu is  to  proceed*
A t a l l  pH va lu e s  s tu d ie d , a t r ip h a s ic  p a tte rn  o f  enzyme p ro d u c tio n  was 
obsE-irved — the f i r s t  s m a ll peak o c c u rr in g  as grow th s ta r te d ,  th e  second, 
la r g e r  peak when grow th  was maximal and the th i r d  and la rg e s t  peak a f t e r  
g row th ceased and a l l  g lucose  had been u t i l i s e d .  The peaks were rep roduc­
ib le  a t  a l l  pH va lu e s  s tu d ie d  and i t  th e re fo re  seemed u n l ik e ly  to  be due 
B n ti.re ly  to  e x p e rim e n ta l e r r o r ,  C a rlsson  and E la n d e r (1973] observed o n ly  
one phase o f  enzyme a c t i v i t y  when grow ing 3 . sanguis 304 in  batch c u ltu re  
a t  pH 7*0 , However, d e x transucrase  le v e ls  were n o t measured u n t i l  g row th  
o f  the  organism  was w e ll in to  th e  lo g a r ith m ic  phase and the  measurements 
wex'̂ e d is c o n tin u e d  w ith in  th re e  hours o f  d e p le t io n  o f  th e  medium o f  the  
g lucose* I t  i s  p o s s ib le ,  th e re fo re ,  th a t  the  f i ' r s t  and la s t  phases o f  
enzyme p i’o d u c tio n  may have been m issed.
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These phases o f  enzyme p ro d u c tio n  may be caused by f lu c tu a t io n s  in  the  
le v e ls  o f  in h ib i to r 's  o r  s t im u la to ry  substances in  the  medium o r  by the  
presence o f  dégradat iv e  enzymes such as p ro tcases  o r  dextranases* O the r 
p o s s ib i l i t ie s  a re  the  e la b o ra t io n  o f  a m ulti-enzym e system oi"' the  a l t e r a t io n  
o f  factoxas c o n t r o l l in g  the  re le a s e  o f  enzyme from  t lie  c e l l *  However,
C arlsson  and E la n d s r (1973) have been unable  to  dem onstra te  the  presence o f  
any in h ib i t o r s  o r  in d u c e rs  in  S ,sann u is  804 c u lt t ire s  grown under a v a r ie ty  
o f  c o n d it io n s  and 8, sangu is  804 does n o t produce dextranase  fv /a lk e r, 1972] « 
V a r ia t io n s  in  the  re le a s e  o f  the  enzyme seems u n l ik e ly  w h ile  the  c e l ls  a rc  
s t i l l  a c t iv e ly  g row ing  a lth o u g h  an in c re a s e  in  enzyme o t  the  aut o l y t i c  phase 
o f  grow th m ig h t ho e xp la in e d  by the re lt^ase o f  in t i '- a c B l lu la r  enzyme upon 
ly s is  o f  the  c e l]s *  However, t h is  would n o t be expected to  make v e ry  inuch 
d if fe re n c e  to  the  enzyme le v e ls  as o n ly  10]c o f  the dex transucrase  produced 
by S ,sangu is  604 i s  i n t r a c e l lu la r  (Shiarma e t  a l ,  1973] and ly s is  would probable 
occu r g ra d u a lly  over a p e r io d  o f  some hou rs . L y s is  m ig h t be accompanied by 
the  re le a s e  o fp ro te o ly t ic  enzymes which would p to b a b ly  have a more pro found  
e f fe c t  upon the  dex transucrase  by deg rad ing  i t »  Very l i t t l e  a t te n t io n  has 
boon p a id , in  the> l i t e r a t u r e ,  to  th e  grov/’ch c o n d it io n s  re q u ire d  f o r  o p tim a l 
dex transucrase  p ro d u c tio n  o r  tn  th e  p o s s ib i l i t y  o f  changes in  the  enzyme pro ­
d u c tio n  p a t te r ’n d u r in g  grow th * Of Hie v a r io u s  p o s s ib i l i t ie s  suggested, the  
most p la u s ib le  e x p la n a tio n  i s  th a t  the t r ip h a s ic  p a t te rn  i s  in d ic a t iv e  o f  a 
m u lti-enzym e system, the  spectrum  o f  enz^mies changing as grov/th o f  the c - 'l tu ro  
prcccedSg D esp ite  the  c o n c lu s io n s  o f  Donghoff and Hehrc [1972] i t  seems 
u n lik fH .y  th a t  a s in g le  enzyme a lone  cou ld  be re s p o n s ib le  f o r  the s y n th e s is  o f  
a m olecu le which c o n ta in s  a t  le a s t  two types o f  lin k a g e . As i t  has been 
re p o rte d  th a t  s tre p to c o c c a l dex transucrose  can u s u a lly  be separa ted  in to  
th ra e  o r  more d i s t i n c t ,  e n z y m ic a lly  a c t iv e  p ro te in s  [C h lu d z in s k i e t  a l ,  1974, 
Fuku i e t  a l ,  1974] and dex transucrase  from  R .sannu is 804 has been separa ted  
in to  th re e  such components fC a rlssa n  c t  a l . 1969 ]. i t  i s  p o s s ib le  th a t  the 
th re e  peaks o f  enzyme a c t i v i t y  may correspond to  t l io  p ro d u c tio n  o f
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more tha n  one enzymeo
I f  t h i s  were th e  case and each enzyme p e rfo rm ed  a. d i f f e r e n t  f u n c t io n ,  c.Qc 
one may fo n p  a ' - ( l  "9 5 ]-  l in k a g e s ,  a n o th e r  oc -  [ l  - 7 3 ] -  l in k e d  b ranch  p o in ts ,  e tc ,  
one w ou ld  e x p e c t th e  s t r u c tu r e  o f  th e  d e x tra n s  produced a t  t f ’ie th re e  phases 
to  d i f f e r *  F u r th e r  s tu d ie s  showed t h a t  t h i s  was in d e e d , th e  co.se* The 
a l t e r n a t iv e  p o s s ib le  e x p la n a t io n s  f o r  thte e la b o ra t io n  o f  th re e  phases, o u t­
l in e d  above, w ou ld  n o t  be e xpe c ted  to  cause d if fe r e n c e s  in  d e x tra n  s t r u c tu r e  
b u t  i n  amount o f  d e x tra n  o n ly *
E xa m in a tio n  o f  d e x tra n  p roduced  fro m  enzyme h a rv e s te d  a t  each phase o f  enzyme 
a c t i v i t y  was, th e r e fo r e ,  n ece ssa ry  to  e s ta b l is h  i f  any s t r u c t u r a l  d i f fe r e n c e s  
d id  e x is ts
I t  was f i r s t  n ece ssa ry  to  ensu re  t h a t  th e  p re p a ra t io n s  w ere , in d e e d , p r im a r i ly  
d e x tra n *  The c a rb o h y d ra te  in  a l l  th re e  p re p a ra t io n s  was fo u n d  to  be a lm o s t 
c n t l r e l y  a p o lym e r o f  g lu c o s e  when exam ined by g a s - l iq u id  ch rom a tog raphy  and 
a c id ic  h y d r o ly s is .  E x a m in a tio n  o f  g lu c a n s  o f  known s t r u c tu r e  in  a p a r a l l e l  
s tu d y  ensured  th e  v a l i d i t y  o f  th e  r e s u l t s .  I t  was n e ce ssa ry  to  d ry  a l l  
g lu c a n s  to  c o n s ta n t w e ig h t o v e r  P „0 „  in  vacuo to  e l im in a te  e r r o r s  due to  
m o is tu re  c o n te n t and the se  d ri.e d  g lu c a n s  were used in  a l l  subsequen t s t r u c t u r a l  
s tu d ie s *  The d e x tra n s  a l l  b ro u g h t a b o u t ra p id  a g g re g a t io n  o f  washed c e l l s  
of  OMZ 176 w h ich  i s  c o n s id e re d  to  be a h ig h ly  s p e c i f i c  i d e n t i f i c a t i o n
p ro ce d u re  f o r  d e x tra n .  E le c tr o n  m ic ro s c o p ic  s tu d ie s  o f  a g g re g a te d  c e l l s  
re v e a le d  th e  p resence  o f  e le c t r o n  dense g lo b u le s  a d h e r in g  to  th e  c e l l  s u r fa c e *
In  some cases , b ranched c h a in s  o f  s m a lle r  g lo b u le s  c o u ld  be seen and * b r id g e s *  
o f  e le c t r o n  dense m a te r ia l  were a p p a re n t between c e l l s .  T h is  m a te r ia l  was 
n o t seen .In th e  absence o f  d e x tra n  and th e  s iz e s  o f  th e  g lo b u le s  and w id th  o f  
th e  g lo b u le  c h a in s  ag ree  w ith  th e  s iz e s  c a lc u la te d  by o th e r  w o rke rs  f o r  d e x tra n  
m o le c u le s  (Nowbixin £ ^ ^ b 1, 1971) and d e x tra n  p r o t o f i b r i l s  (Johnson c t 1974]  
r e s p e c t !v s ly „  I t  w ould a pp e a r t h a t  th e  e le c tr o n  dense m a te r ia l  i s  d e x tra n  
w h ich  adhe res to  th e  s u r fa c e  o f  S3,rnutans c e l l s  and fo rm s  ® bridges®  l in k in g  
c e l l s  to g e th e r*  Johnson e t  a l ,  (1974 ] observed  b o th  °g lo b u la r®  end ® f i b r i n  a r ’
128
d e x tra n s  produced by s t r a in s  o f  8 ,mutans G55 b u t th e y  b e l ie v e d  t h a t  th e  
f i b r i l l a r  d e x tra n  was th e  more im p o r ta n t  fo n ti in  re s p e c t o f  c a u s in g  th e  
c e l l s  to  ca ll o re  end to  adhere  to  th e  w a l ls  o f  v e s s e ls  i n  w h ich  th e y  grew . 
P e r io d a te  o x id a t io n  s tu d ie s  on th e  th re e  d e x tra n s  re v e a le d  t h a t  D e x tra n  I  
was 74/{; ® ( l - 9 6 } “'- lik :8 ’’ whereas D sxtr'ans  I I  and X I I  were b o th  41%, The 
o x id a t io n  o f  D e x tra n s  I ,  I I  and I I I  to o k  lo n g e r' th a n  t h a t  o f  D e x tra n  T200D, 
a s t r a ig h t  c h a in  e x -( I '- 'i’ S )— l in k e d  g lu c a n , w h ich  may be duGj to  s lo w e r pene­
t r a t i o n  o f  the  s t r u c t u r a l l y  more com plex s t re p to c o c c a l d e x tra n  m o le cu le s *
The o x id a t io n  p ro d u c ts  were n o t i d e n t i f i e d  as the  p r im a ry  aim  o f  t h i s  
p a r t  o f  th e  s tu d y  was to  d e te rm in e  d if fe r e n c e s  in  t h e i r  r e a c t io n  to  p e r io d a te  
o x id a t io n  v /lilch  m ig h t in d ic a te  d i f fe r e n c e s  in  s t r u c tu r e  r a th e r  th a n  to  d e te r ­
m ine th e  p re c is e  s t r e c tu r e  o f  each d e x tra n . S im i la r ly , enzym ic d e g ra d a t io n  
s tu d ie s  u s in g  m utanase, am ylase and d e x tra n a s e  were c a r r ie d  o u t in  o rd e r  to  
d e te rm in e  d if fe r e n c e s  i n  s u s c e p t i b i l i t y  o f  the  d e x tra n s  to  d i f f e r e n t  enzymes, 
w h ich  m ig h t he in d ic a t iv e  o f  s t r u c t u r a l  d if fe re n c e s *  U n fo r tu n a te ly ,  th e  
mutanase p re p a ra t io n  was n o t w e l l  c h a ra c te r is e d  and appeared  to  be co n tam ina ­
te d  w ith  o th e r  enzymes as i t  r e a d i l y  h y d ro ly s e d  la m in a r in ,  a m y lo p e c tin  and 
g lyco g o n  as w e l l  as m utan. The s p e c i f i c i t y  o f  th e  mu ta n -d e g ra d in g  a c t i v i t y  
i s  n o t  known and t h i s  m ust c a s t  some d o u b ts  on th e  re le v a n c e  o f  i t s  use . 
Hov/over, d e x tra n s  w ith  th e  same s t r u c tu r e  w ou ld , u n d e r th e  same c o n d it io n s ,  
be degraded to  s im i la r  e x te n ts  by th e  mutanase p re p a ra t io n ,  D e x tra n s  o f  
d i f f e r e n t  s t r u c tu r e s  w ou ld  be e xpe c ted  to  d i f f e r  in  t h e i r  s u s c e p t ib i l i t y .
The f a c t  t h a t  D e x tra n  I  was re O a t iv e ly  e a s i ly  h y d ro ly s e d  by m utanase and 
d e x tra n a s e  and o x id is e d  by p e r io d a te  su g g e s ts  a r e l a t i v e l y  s im p le  s t r u c tu r e ,  
a llo '.v in g  easy access o f  enzymes and p e r io d a te  to  s u s c e p t ib le  l in k a g e s ,  
D e x tra n s  I I  and I I I  were n o t h y d ro ly s e d  by mutanase a lth o u g h  th e  p e r io d a te  
o x id a t io n  r e s u l t s  su g g e s t a highCC- ( 1 - 9 3 ) -  l in k a g e  c o n te n t.  T h is  p ro b a b ly  
in d ic a te s  th a t  t h e ( % - ( l - f 3 ) -  l in k a g e s  a re  s t e r i c a l l y  in a c c e s s ib le  to  th e  
enzyme m o le c u le . They may be s h ie ld e d  w i t h in  th e  m o le cu le  by an ®ou t e r  
laya r®  o f  ( K - ( l - 7 6 )  -  linkagG îS o r  the^ s p e c i f i c i t y  o f  th e  m utanase may n o t
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f je n r i i t  d é g ra d a tio n  o f  th e  "93) -  I?lri!cages in  th e  p a r t i c u la r  a rra n ge m e n t
p re s e n t in  those  m o le cu le s *  A lth o u g h  D e x tra n s  I I  end I I I  c o n ta in  s im i la r  
p ro p o r t io n s  o f  ® ( I 'iP ’f j)  — l ik e d  l in k a g e s  g th e y  a re  n o t  degraded to  th e  same 
e x te n t  by dox tra n ase g  D e x tra n  I I  b e in g  much more s u s c e p t ib le  to  h y d r o ly s is  
tha n  D e x tra n  I I I ,  T h is  su g g e s ts  t h a t  th e  t X - ( l ‘’9G ) — l in k a g e s  i n  D e x tra n  I I  
e re  more a c c e s s ib le  tha n  th o se  o f  D e x tra n  I I I  and t h a t  s t r u c tu r ’a l  d i f fe r e n c e s  
e x is t  between them,
Tl'fC d e x tra n s  p re p a re d  fro m  S .s a n q u is  a t  s ta g e s  I .  I I  and I I I  may c o n s is t  o f  
m ix tu re s  o f  d e x tra n s .  F o r exam ple , d e x tra n  I I  may c o n ta in  some d e x tra n  I  
and a s m a ll amount o f  d e x tra n  I I I  b u t w ou ld  be e xp e c te d  to  be p re d o m in a n t ly  
d e x tra n  I I *  D i f f e r e n t  p ro p o r t io n s  o f  each d e x tra n  i n  a m ix tu re  w o u ld , 
th e r e fo r e ,  g iv e  d i f f e r e n t  r e s u l t s  f o r  p e r io d a te  o x id a t io n  and th e  t im e  a t  
w h ich  th e  enzyme w h s  h a rv e s te d  f o r  d e x tra n  p ro d u c t io n  w ou ld  be im p o r ta n t .  
C a rls s o n  a t  a l  f l9 6 9 )  h a rv e s te d  d e x tra n s u c ra s e  when a l l  g lu c o s e  had been 
u t i l i s e d  ie C flj e q u iv a le n t  t o  phase I I  and th e  d e x tra n  p re p a re d  fro m  t h i s  
enzyme v/as fo u n d  to  be S2^c ® ( l ” * ; G ) - l i k 0 ° fCeskd e t  a l ,  1 9 7 2 ), However* th e'  ̂  ̂ ■r3W=«M=r̂x.ua J #
enzyme was p re p a re d  a t  pH 6 when th e  p a t te r n  o f  enzy^rie p ro d u c t io n  w ou ld  be 
s l i g h t l y  d j . f f e r e n t  fro m  t h a t  p roduced  a t  pH 7*'0 ( F ig .  3 ,1 5 }  and d i f f e r e n t  
p ro p o r t ir . in s  o f  th e  d e x tra n s  c o u ld  be e x p e c te d . From F ig ,  3 ,1 5 ,  i t  appea rs  
t h a t  a h ig h e r  p ro p o r t io n  o f  d e x tra n s u c ra s e  I  i s  p roduced a t  pH 6 th a n  a t  
pH 7 and one w ou ld  e x p e c t a h ig h e r  p ro p o r t io n  o f  D e x tra n  I  and, t h e r e fo r e ,  
a h ig h e r c i - ( l " 9 o ) -  l in k a g e  c o n te n t .  T h is  m ig h t e x p la in  v/hy C a rls s o n  e.t a l  
(1969 ) o b ta in e d  r e s u l t s  in d ic a t iv e  o f  a h ig h e r  ( l '-> 6 )  -  l i k e  l in k a g e  c o n te n t 
than  th e  p re s e n t s ix /d y . A l t e r n a t iv e ly ,  th e  d e x tra n  may change g ra d u a l ly  
th ro u g h  th e  g ro w th  peiH-od fro m  one w ith  a h ig h  oC *-(l"^6 ) -  l in k a g e  c o n te n t 
to  one w ith  a h ig h e r  oc-(1-9*3) l in k a g e  c o n te n t i n  w h ich  case, one w ou ld  
e x p e c t enzyme h a rv e s te d  a t  phase I I  to  have an at-“ ( l* '9  G) -  l in k a g e  c o n te n t 
in te rm e d ia te  between th o s e  h a rv e s te d  a t  phase I  o r  I I I ,  T h is  w ou ld  be 
s u p p o rte d  by th e  v a lu e s  o f  74% f o r  D e x tra n  I  i n  t h i s  s tu d y ç 52%' f o r  D e x tra n  I I
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i n  C a rls s o n  G ^t^^^ls(l9S9) s tu d y  and 41% f o r  D e x tra n  I I I  in  t h i s  s tu d y  b u t 
i t  docs n o t e x p la in  why D e x tra n s  I I  and I I I  o f  t h i s  s tu d y  a ppea r to  have 
th e  same c % - ( l^ G )  — l in k a g e  c o n te n t as in d ic a te d  by p e r io d a te  o x id a t io n .  
P o s s ib ly  th e  t r a n s i t i o n  fro m  D e x tra n  I I  to  I I I  i s  accom panied by an in c re a s e  
i n  m o le c u la r  w e ig h t o r  c o m p le x ity  o f  s t r u c tu r e  w h ich  does n o t a l t e r  th e  p ro ­
p o r t io n s  o f  th e  l in k a g e  ty p e s *  The ( l '-T 6 )  -  l i k e  l in k a g e  c o n te n t(1 8 » 9 % )o f 
mutan p re p a re d  from  G. mu ta n s  DMZ 176 v/as in  f a i r l y  c lo s e  agreem ent w ith  t h a t  
o b ta in e d  by o th e r  w o rke rs  (G uggenhe im *,1970^ Newbrung 1972) u s in g  m utan p re ­
pa red  u n d e r s im i la r  c o n d it io n s .
I n f r a - r e d  s p e c tro s c o p y  s u p p o rte d  t t ie  c o n c lu s io n  t h a t  th e  d e x tra n s  were a l l  
hom opolym ers o f  d l-g lu c o p y ra n o s e  u n i t s  w ith  a '^ -fl-^ /G ) -  and cX“ * ( l-9  3 ) -  l in k a g e s *  
The s p e c tra  f o r  th e  th re e  d e x tra n s  were a l l  v e ry  s im i la r  b u t  d i f fe r e n c e s  d id  
e x is t ,  s u p p o r t in g  th e  v ie w  t h a t  th e y  do d i f f e r  s t r 'u c tu r a r i ly ,  B a s ic  s im i la r ­
i t i e s  o f  o v e r a l l  p a t te r n  c o u ld  be seen between th e  d e x tra n s  b u t were n o t  
a p p a re n t on com parison  o f  i , r ,  s p e c tra  o f  d e x tra n  ‘.vi.th th o se  o f  o th e r  g lu c a n s  
(F ig ,  3 ,2 2 -3 ,2 3 ) .  A l l  th e  g lu c a n s  s tu d ie d  in c lu d in g  purchased  re fe re n c e  
compounds were p re p a re d  and exam ined u n d e r th e  same c o n d it io n s *  as Heyn (1974 ) 
has dem on s tra te d  t h a t  th e  method o f  p re p a ra t io n  ca.n have a p ro fo u n d  e f f e c t  
upon H ie r e s u l t s .  F o r exam ple* v a r ia t io n s  i n  m o is tu re  c o n te n t o f  sam ples 
o f  th e  same d e x tra n  w ou ld  r e s u l t  i n  s p e c tra  w ith  th e  same p a t te r n  o f  peaks 
and bands b u t th e  t ra c e  w ou ld  be 's h if te d ®  in  one d i r e c t io n  o r  t t ie  o th e r ,  
depend ing  on th o  amount o f  m o is tu re  c o n ta in e d  in  th e  m o le c u le . F re e z e - 
d r ie d  d e x tra n s  have c h a r a c t e r is t ic  peaks in  th e  i , r «  sp oc tru m , Gonifivai’ls o n  
o f  s p e c tra  p roduced from  g lu c a n  sam ples p re p a re d  u n d e r d i f f e r e n t  c o n d it io n s *  
v/h ich i s  common in  th e  l i t e r a - ix i r e ,  s h o u ld  n o t ,  th e r e fo r e ,  be u n d e rta k e n  w ith o u t  
due c o n s id e ra t io n  to  th e  method o f  p re p a ra t io n ,  as m is le a d in g  in t e r p r e t a t io n s  
m ig h t be made. The in c re a s e  in  th e  m o le c u la r  w e ig h t o f  â d e x t ia n  does n o t 
iiave  a r/ro fo u n d  e f f e c t  upon th e  i o r ,  spectrum  b u t changes in  th e  p ro p o r t io n s  
o f  d i f f e r e n t  l in k a g e s  and hydrogen b on d ing  d« b r in g  a b o u t changes I n  th e
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spectrum  p r o p o r t lp n a l  to  th e  degree  o f  change in  s t r a c tu r e ,  E xc im lna tion  
o f  th e  th re e  d e x tra n  p re p a ra t io n s  re v e a le d  a g ra d u a l t r a n s i t i o n  i n  t h e i r  
s p e c tra  from  D e x tra n  I  th ro u g h  I I  to  D e x tra n  I I I , in d ic a t iv e  o f  a g ra d u a l 
cheinge in  s t r u c tu r e .  The i«  r ,  s p e c tra  f o r  D e x tra n  I I I  and mutan 1 were 
aIrne s t  ± dent:i.ca 1,
I t  i s  d i f f i c u l t  to  draw  d e f i n i t e  c o n c lu s io n s  a b o u t th e  s t r u c tu r e  o f  a p a r t i ­
c u la r  d e x tra n  from  i t s  i « r .  spec trom  as th e  s ig n i f ic a n c e  o f  many o f  th e  peaks 
and bands i s  unknown. A th o ro u g h  s tu d y  o f  d e x tra n s  p roduced by LeuconestoeU(£Xi=aRM£er.sXMsrï7iv»r]MjiT«-<vc3V-'>«
s p e c ie s  has been c a rrè e d  o u t by Heyn [19 7 4 ) b u t t h i s  was r e in fo r c e d  by a 
c o n s id e ra b le  know ledge o f  th e  ch e m ic a l p r o p e r t ie s  and s t r o c t u re  o f  a la rg e  
number o f  th e se  d e x tro u s *  T h is  made i t  p o s s ib le  to  re a ch  v a r io u s  c o n c lu s io n s  
a b o u t th e  s t r u c tu r e  o f  ®new® d e x tra n s  by com parison  o f  t h e i r  s p e c tra  w ith  
those  o f  d e x tra n s  o f  known s t ru c tu re s  However, th e  s t r u c tu r e s  o f  s t r e p to ­
c o c c i  d e x tra n s  a rc  s t i l l  unknown and v e ry  l i t t l e  in fo r m a t io n  has been accumu­
la te d  i n  re s p e c t  o f  t h e i r  c h e m ic a l p ro p e r t ie s a  When such in fo r m a t io n  becomes 
a v a i la b le  i t  may be p o s s ib le  to  a s s ig n  d e x tra n s  to  s t r o c t u r a l  g ro u p s .
The r e s u l t s  o f  th e se  s t r u c t u r a l  s tu d ie s  su gg e s t t h a t  D e x tra n  I  i s  a f a i r l y  
s im p le  m o le cu le  w ith  a h ig h  (X -[ l" i» S ) -  l in k a g e  c o n te n t [74%) end a h ig h e r  
p ro p o r t io n  o f c i{ 1 - ^ 3 )  -  l in k a g e s  than  m utan. T h is  i s  s u p p o rte d  by i t s  
l a b i l i t y  to  d e x tra n a s e  and m utanase. D e x tra n  I I  appea rs  fro m  p e r io d a te  
o x id a t io n  s tu d ie s  to  have a h ig h e r  c X - [ l"T 3 ) — lin k a g e  c o n te n t  th a n  D e x tra n  I  
a lth o u g h  i t  i s  n o t  h y d ro ly s e d  by m utanase and i s  more r e a d i l y  degraded by 
d e x tra n a se  than  i s  D e x tra n  I .  A p o s s ib le  e x p la n a t io n  o f  t h i s  i s  th a t  th e  
in c re a s e  in  c o m p le x ity  o f  one m o le c u le  c o u ld  le a d  to  s t e r i c  h in d ra n c e  o f  th e  
mutanase* p re v e n t in g  i t  fro m  re a c h in g  s u s c e p t ib le  l in k a g e s  s h e lte re d  w i t h in  
th e  m o le cu le *  I t  would seem th a tc X “ [l-"7 ’6 ) -  l in k a g e s  a re  more r e a d i l y  
a v a i la b le  to  d e x tra n a s e , D e x tra n  I I I  w ould  a ppea r from  p e r io d s to  o x id a t io n  
s tu d ie s  to  have th e  same l in k a g e  c o n te n t  as  D e x tra n  I I  and , l i k e  D e x tra n  I I ,
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i t  i s  n o t  dagradod by m utanase, U nX ika D e x tra n  I I  i t  i s  n o t  h ig h ly  s u s -  
c a p t ib le  to  d e x tra n a s e  b u t  i s  v e ry  s im i la r  i n  t h i s  re s p e c t to  m utan. The 
i . r ,  s p e c tra  o f  D e x tra n  I I I  and mutan a re  a ls o  \/e ry  s im i la ro  
A g a in , in c re a s e s  in  m o le c u la r  w e ig h t,  degree o f  b ra n c h in g  and perhaps th e  
fo rm a t io n  o f  c r o s s - l in k s  m ig h t e x p la in  th e  d if fe r e n c e s  betv/een D e x tra n s  I I  
and I I I .
The fo rm a tio n  o f  in t r a m o le c u la r  and in te r m o le o u la r  hydrogen  bonds between 
th e  h y d ro x y l g ro up s  o f  d e x tra n  m o le c u le s  has been p o s tu la te d  f o r  Leuconos toc  
d e x tra n s  by Heyn ( l9 7 4 j  b u t such bonds may a ls o  e x is t  i n  s t r e p to c o c c a l d e x tra n s . 
Hydrogen b on d ing  o f  a s t r o n g e r  ty p e  between w a te r m o le c u le s  and two h y d ro x y l 
g roups  to  fo rm  a ®bridge® may a ls o  o c c u r and m o le cu le s  may be bound to g e th e rr 
by such bonds. E v id en ce  p u t fo rw a rd  by Johnson e t  a l  [1 9 7 4 ] and Newbrun
e t  a l  ( l 9 7 l ]  su g g e s ts  t h a t  s t r e p to c o c c a l d e x tra n s  may in d e e d  fo rm  a g g re g a te s , 
s h o r t  c h a in s  o f  m o le c u le s  and f ib r e s  c o n s is t in g  o f  more th a n  one d e x tra n  
m o le c u le .
C e r ta in  io n s  have been shown to  be in c o rp o ra te d  in t o  d e x tra n s  (Rorem* 1955, 
K e ls tru p  and F u n d e r-N ie ls o n , 1972) and a re  e x tre m e ly  d i f f i c u l t  to  r'emove. 
C e r ta in  d iv a le n t  io n s ,  such as c a lc iu m * may form  ®bri.dges® by c o m b in a tio n  
w ith  n e g a t iv e ly -c h a rg e d  g ro up s  w i t h in  th e  d e x tra n . The l a t t e r  a re  th o u g h t 
to  be io n s  w h ich  a re  r e v e r s ib ly  bound to  d e x tra n  b u t th e  mechanism i s  n o t 
u n d e rs to o d  (Borer,-i, 1955, K e ls t r u p  and F u n d e r-N is ls o n , 1972, H o lla  and 
M a th ie so n , 1970 ).
I t  i s  g e n e ra l ly  b e l ie v e d  t h a t  as th e  o c - ( l- ^  3 ) *» l in k a g e  c o n te n t o f  d e x tra n s  
in c re a s e s , so th e  s o l u b i l i t y  o f  t h a t  d e x tra n  d ec re a se s . One w o u ld , th e re ­
f o r e ,  e x p e c t the  d e x tra n  fro m  phase I  to  be more s o lu b le  th a n  t h a t  p roduced  
l a t e r  in  th e  g ro w th  o f  5 . senaui s  as th e  l a t t e r  c o n ta in  a p p ro x im a te ly  41% 
C£-(1 ''7G ) -  l in k a g e s .
I f  t h i s  were th e  case , i t  m ig h t be compared to  t h a t  o bse rved  i n  d e x tra n s u c ra s e
g ̂
p ro d u c t io n  by LcuD-m esontonn_don (S m ith , 1 9 7 0 -7 1 ], S .b o v is  (G o ld  o t  o l ,
1973] and 8*n'Utnnn SL-1 [Oo Lcon o t  n i .  1974]» v/nen th e  p ro d u c t io n  o f  a 
w a to n -s o lu b le  d e x tra n  p receded  th e  p ro d u c t io n  oP a w a te r - in s o lu b le  d e x tra n . 
D e x tra n  1 m ig h tjf t t ie r o fo r s j;  be a p re c u rs o r  to  thG3 p ro d u c t io n  o f  D e x tra n s  I I  
and I I I  c Fukui. iïiL i,= il (1974 ) have a ls o  shown t h a t  S» mutan s HS-G p roduces  
Eit le a s t,  two d G x tra n o u c ra se s  one o f  w h ich  e la b o ra te s  a 94% c;a»(l“yG ) 
l in k e d j  s o lu b le  d e x tra n  and th e  o t ) ia r / s  p roduce in s o lu b le  d e x tra n .  Work 
by Ceska e t  a l  (1 9 72 ) on d e x tra n  p roduced  by d e x tra n s u c ra s e  fro m  S .s a n n u is  
604 has shown t h a t  th e  g r e a te r  th e  p u r i f i c a t io n  o f  th e  enzyme used to  p jrepare  
th e  d e x tra n ,  th e  h ig h e r  th e  a > ( l~ i* 3 )  -  l in k a g e  c o n te n t  o f  th e  d e x tra rp  T h is  
i s  a ls o  C O n s is to n t w ith  th e  p ro d u c t io n  o f  s e v e ra l d s x tro n s u e ra s e s  and th e  
s e le c t io n  o f  one o f  th e se  enzymes above th e  o t i ie r s  i n  th e  coiarse o f  th e  
p u r i f i c a t io n s  Thus th e  p ro p o r t io n s  o f  each enzyme w ou ld  a l t e r  yd.th each 
p u r i f i c a t i o n  s te p  and t f ie  r e s u l t a n t  d e x tra n  v/ould have a d i f f e r e n t  s t r u c tu r e *  
P re l im in a r y  a tte m p ts  a t  p u r i f i c a t i o n  o f  d e x tra n s u c ra s e  by h y d r a x la p a t i t e  
chrom atüQ ï’aphy p roduced  m ost o f  th e  enzyme a c t i v i t y  in  a s in g le  peak w ith  
a sm a ll s h o u ld e r  ( F ig , 3 .2 ? )  b u t  t h i s  was fo l lo w e d  by a second peak o v e r  a 
f a i r l y  w ide  p lios iphate  c o n c e n tr a t io n .  The r e s u l t s  were p o o r in  re sp e c t; o f  
y ie ld  end p u r i f i c a t i o n  (T a b le  3 ,3 )  b u t t h i s  work v/as o n ly  a p r e l im in a r y  
in v e s t ig a t io n  and r e q u ir e s  a g ro a t  d e a l o f  deve lopm ent and r e p e t i t i o n  in  
o rd e r  to  o b ta in  more s a t i s f a c t o r y  r e s u l t s .  However* t l ie  r e s u l t s  were 
s im i la r  to  th o se  o b ta in e d  by C a rls s o n  e t  a l ,  (1969) u s in g  b a tc h  c h ro m a to - 
g ra p h y  and th e y  su g g e s t th e  p resence  o f  more than  one p r o te in  w ith  enzym ic  
a c t i v i t y .  The peaks o f  enzym ic  a c t i v i t y  o v e r la p  and i t  i s  p o s s ib le  t h a t  
m in o r peaks a r ’e o b scu re d . I n  pooling some o f  th e  fra c td .o n s  f o r  su bsequen t 
p u r i f i c a t i o n  p ro c e d u re s *  such m in o r enzyme components may be l o s t .  I t  
c o u ld  be v e ry  u s e fu l  to  em ploy equ ipm ent w h ich  m a in ta in s  th e  phospha te  con­
c e n tra  h i on a t  th e  le v e l  a t  w h ich  a p a r t i c u la r  s p e c ie s  y / ith  enzym ic  a c t i v i t y  
i s  e lu te d  u n t i l  a l l  p r a te in  fro m  a p a r t i c u la r  peak has been removed fro m
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th e  colum n e, I n  t h i s  way, each p r o te in  peak c o u ld  be e lu te d  s e p a ra te ly ,  
a v o id in g  o v e r la p  and m in o r peaks w ou ld  become a p p a re n t.
A tte m p ts  a t  p u r i f i c a t i o n  o f  d e x tra n s u c ra s e  have tended  to  r e ly  p r im a r i ] . y 
on h y d r o x y la p a t i te  ch rom a tog raphy  e m p lo y in g  p o ta ss iu m  phospha te  b u f fe r s  
a t  pH G"B and i s o e le c t r i c  fo c u s s in g .  However, B e rn a rd ! e t  a.l (1972 ) 
have shown t h a t  th e  use o f  p o ta ss iu m  phospha te  b u f fe r s  a t  pH 5*8 o r  7 *8  
in s te a d  o f  pH 6 '8  f o r  h y d r o x y la p a t i te  ch rom a tog raphy  c o u ld  advance o r  d e la y ' 
e lu t io n  o f  p r o te in s  from  th e  colum n and th u s  im p ro ve  s e p a ra t io n *  They Iiave 
a ls o  shown th ia t th e  use o f  NaCl o r  CSCI^ g ra d ie n ts  can s u c c e s s fu l ly  be used 
to  e lu te  c e r ta in  p r o te in s  fro m  h y d r o x y la p a t i te .  Use o f  th e se  re f in e m e n ts  
m ig h t im prove  th e  p u r i f i c a t i o n  o f  d e x tra n s u c ra s e *  As a lre a d y  m e n tio n e d , th e  
use o f  a p p a ra tu s  to  m a in ta in  th e  phospha te  le v e l  a t  t h a t  re q u ire d  by a par-ui."- 
c u la r  p r o te in  com ponent u n t i l  e lu t io n  was com p le te  w ou ld  h e lp  to  s e p a ra te  
th e  p r o te in  peaks and p re v e n t o b s c u r in g  m in o r peaks.
C a rls s o n  [19 6 9 } have shown t h a t  i s o e le c t r i c  fo c u s s in g  o f' enzyme w h ich
had been h a rv e s te d  fro m  S .s a n g u is  804 a t  th e  s ta g e  e q u iv a le n t  to  phase I I I  
i n  th e  g ro w th  c y c le  re v e a le d  th re e  p r o te in  components w ith  enzym ic  a c t i v i t y .
I t  would  be in t e r e s t in g  to  exam ine th e  p a t te r n  o f  enzyme com ponents, as 
re v e a le d  by i s o e le c t r i c  fo c u s s in g ,  fro m  sam ples o f  p a r t i a l l y  p u r i f i e d  enzyme 
p re p a re d  fro m  each o f  th o  th re e  phases o f  c^nzyme a c t i v i t y .  I n  t h i s  way, i t  
m ig h t be p o s s ib le  to  o b se rve  changes i n  th e  p a t te r n  o f  enzym ic com ponents as 
th e  g ro w th  o f  S ,s a n g u is  p ro ce e d s . S im i la r ly *  i t  m ig h t be p o s s ib le  to  compare 
c e r ta in  p r o p e r t ie s ,  such as pH opt5.mum and m o le c u la r  v /e ig h t c h a r a c t e r is t ic s  
o f  th e  th re e  enzyme p re p a ra t io n s .  The l a t t e r  m ig h t be c a r r ie d  o u t  by 
u l t r a c e n t r i f u g a t io n  o f  th e  sam ple i n  a d e n s ity  g ra d ie n t  o f ,  f o r  exam ple , 
g ly c e r o l  o r  GsCl„a E v id en ce  t h a t  S ,s a n g u is  804 d e x tra n s u c ra s e s  can be 
d is s o c ia te d  in t o  s i x  p r o te in  com ponents by sodium  d o d e c y l s u lp h a te  (SDS) 
c firo m a tog ra p hy  a l b e i t  w ith  lo s s  o f  enzym ic  a c t i v i t y *  su g g e s ts  a n o th e r  
p o s s i b i l i t y  [O S rt e t  a l e 1974) narnoly d is s o c ia t io n  o f  th e  enzyme in t o
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s u b u n its »  Com plete d is s o c ia t io n  o f  th e  enzyme i s  accom panied by lo s s  
o f  enzyme a c t i v i t y  b u t  i t  seems p o s s ib le  t h a t  p a r t i a l  d is s o c ia t io n  o f  th e  
enzyme m ig h t o c c u r in  w h ich  one o f  the  r e s u l t a n t  f r a c t io n s  m ig h t r e t a in  
enzym ic a c t i v i t y .  There  m ig h t be s e v e ra l d i f f e r e n t  p e rm u ta tio n s  o f  the  
p r o te in  s u b u n its  w h ich  c o u ld  r e t a in  a c t i v i t y  and th e  p a r t i a l  d is s o c ia t io n  
o f  th e  enzyme m ig h t g iv e  r i s e  to  s e v e ra l m o le cu le s  o f  d i f f e r e n t  s iz e s  w ith  
enzym ic a c t i v i t y  and w ith  d i f f e r e n t ,  s p e c i f i c  a c t i v i t i e s .  T h is  co u ld  r e s u l t  
i n  tliE? p ro d u c t io n  o f  s e v e ra l d i f f e r e n t  e n z y m ic a lly  a c t iv e  components w ith  
d i f f e r e n t  i s o e le c t r i c  p o in ts  and th e  lo s s  o f  a la rg e  amount o f  th e  p r o te in  
m a te r ia l  as th e  in a c t iv e  s u b u n its  o f  th e  m o le c u le s . P resum ab ly  some o f  
th e  enzyme w ou ld  a ls o  be c o m p le te ly  d is s o c ia te d  ca u s in g  a lo s s  o f  £i p ro p o r­
t io n  o f  th e  a c t i v i t y  and a lo w  enzyme y ie ld .  T h is  m ig h t e x p la in  why sc 
many d i f f e r e n t  cnzyr:e f r a c t io n s  have been o b ta in e d  from  s t re p to c o c c a l 
d e x tra n s u c ra s o  [Guggenheim and Newbran, 1959. Osborne e t  a l „ 1 9 7 3 ), why 
i t  i s  som etim es n ece ssa ry  to  lo a d  a la rg e  amount o f  th e  p r o te in  o n to  an 
e le c t r o p h o r e s is  colum n to  o b ta in  even s m a ll bands o f  a c t iv e  p r o te in  [Newbrun, 
1 9 7 1 ), F u k u i e t  a l  [ lS 7 d )  have shown t h a t  one d e x tra n s u c ra s B *  produced 
from  S .m utans H3-S docs n o t d is s o c ia te  in t o  s u b u n its  du ic ing  SOS g e l e le c t r o -  
p h o re s is .  T h is  enzyme i s  r e l a t i v e l y  s m a ll [m o l. w t. 7 0 jC f0 )  and p ro b a b ly  
c o n s is ts  o f  o n ly  one p r o te in  m o le cu le *
St sa n g u is  804 d e x tra n s u e ra s e  fo r n s  a p r e c ip i t a t e  a t  tht5 bo ttom  o f  th e  column 
d u r in g  i s o e le c t r i c  fo c u s s in g  i n  a l i q u id  d e n s ity  column b u t t h i s  p r e c ip i t a ­
t io n  i s  p re ve n te d  by th e  a d d i t io n  o f  u re a  o r  g ly c in e .  F u r th e r  to  t h i s  
t e n ta t iv e  s u g g e s tio n . D a r t  e t  a l  [19 7 4 ) have bhown t h a t  th e y  c o u ld  n o t 
r e s to r e  th e  a c t i v i t y  o f  th e  c o m p le te ly  d is s o c ia te d  enzyme by re c o m b in in g  
th e  s ix  f r a c t io n s  b u t th e y  d id  obse rve  t h a t  p re tre a tm e n t o f  the  enzyme m .th  
u re a  p r i o r  to  SDS e le c t r o p h o r e s is  r e s u lte d  in  the  p ro d u c t io n  o f  an a d d i t io n a l  
la r g e r  p r o te in .
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Thfi p!l optim um o f  do>d:ran su e ra  se p re p a re d  from  B .sa rirru is  was fo u n d  to  
bo S f?  -  V'-G w ith  a s h n u id c r  a t  a p p ro x im a te ly  pH 5 -  C  and a peak a t  
7 -0  -  ?'5% T h is  a g re e s  w ith  r e s u l t s  o b ta in e d  by C a rls s o n  e t  a l  (19691 , 
a lth o u g h  th e y  d id  n o t  o b ta in  a p ronounced s h o u ld e r and peak in  t h e i r  pl-l 
optim um g ra p h . H ow ever, o th e r  v /o rke rs  o b ta in e d  r -e s u lts  v/h ich  a re  v e ry  
s im i la r  to  th o se  o b ta in e d  in  t h i s  s tu d y .  These w o rk e rs , s tu d y in g  d e x t rn n -  
su c i'a ses  o f  s t r e p to c o c c a l o r ig in ,  a ls o  fou n d  t h a t  th e y  e x h ib i te d  w ide  pH 
o p tim a  w ith  a s h o u ld e r  i n  th e  re g io n  5 -- 6 and a peak a t  ? ''□  7 ‘ 5 (G ibbons
and Nygaainij, 1968, B a l l i e t  and Chang, 1 9 7 4 ), Guggenheim and Newbiun (1969 ) 
have shown th e  d e x tra n s u e ra s e  o f  S .m utans HS w ith  pH opblmum 5»0 -  7=6 can 
be s e p a ra te d  i n t o  s e v e ra l d i f f e r e n t  d e x tra n s u e ra s e s  w ith  d i f f e r e n t  pH o p tim a , 
v/h ich  c o l le c t i v e l y  c o v e r th e  range  5 *0  -  7 *5 ,
I t  w ou ld  be in t e r e s t in g  to  exam ine and compare th e  pH p r o f i l e s  o f  enzyme 
h a rv e s te d  a t  phases I ,  I I  and I I I  to  see i f  th e y  d i f f e r ,  However, a p re ­
l im in a r y  e x a m in a tio n  o n ly  o f  th e  pH p r o f i l e  o f  S ,s a n g u is  d e x tra n s u c ra s o  
was p o s s ib le  due to  s h o r ta g e  o f  ii.m e  and f o r  t h i s ,  d rax transue rase  I I  was 
used , C a rls s o n  o t  a l  (1 9 69 ) used d e x tra n s u c ra s e  I I  w h ich  had been p re p a re d  
a t  pH 6 and p a r t i a l l y  p u r i f i e d  by h y d r o x y la p a t i te  ch rom a tog raphy  and is o --  
e le c t r o  fo c u s s in g .
The r e s u l t s  o f  th e  w ork c a i 'r ie d  o u t  on d e x tra n s u c ra s e  fro m  S ,s a n g u is  804<r«®i W*%5Pes*mcn
and t h a t  o b te in e d  by o th e r  w o rk e rs  from  s t re p to c o c c a l d e x tra n s u c ra s e  su g g e s ts  
thf.3 e la b o r a t io n  o f  s e v e ra l d i f f e r e n t  e n z y m ic a l ly  a c t iv e  p r o te in s ,  some o f  
w h icri may re p re s e n t  th e  d is s o c a t io n  p ro d u c ts  o f  o th e r  e n z y m ic a lly  a c t iv e  
p r o te in s .  The t r ip h a s ic  p a t te r n  o f  d e x tra n s u c ra s o  p ro d u c t io n  by S .s a n g u is  
604 may re p re s e n t  th e  e la b o r a t io n  o f  more tha n  one d e x tra n s u c ra s e  end , conc­
o u r ro n t  w ith  t h i s ,  th e re  a re  changes i n  th e  s t r u c tu r e  o f  th e  d e x tra n s  pro™ 
duced d u r in g  g ro w th  i n  b a tc h  c u l t u r e .
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I t  i s  c le a r  i im t  the  c o m p le x ity  o f  the  system In v o lv e d  w i l l  n e c e s s ita te  
a co n s id e ra b le  amount o f  f u r t h e r  resea rch  be fo re  the  mechanism o f  a c t io n  
o f  dexti'^ansucrase and hence the  r o le  o f  sucrose in  p laque fo rm a tio n  and 
c a r ie s  w i l l  be f u l l y  a p p re c ia te d .
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